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PREFACE 


Practical Inorganic Chemistry is aimed at assisting students to sys¬ 
tematically study the basic properties of the chemical elements 
and their compounds from the standpoint of D. Mendeleev’s Periodic 
System and also to gain skill in performing laboratory experiments. 
The textbook covers the most important sections of general and 
inorganic chemistry. 

Substantial changes have occurred in organizing laboratory work 
in inorganic chemistry during the last decades. Great attention is 
being given to modern preparative techniques. Students using the 
present textbook will acquaint themselves with procedures of work 
in a modern laboratory. The latter include the carrying out of opera¬ 
tions in vacuum, synthesis in non-aqueous solvents, the conducting 
of reactions in a gaseous medium (a fluidized bed, “transport” reac¬ 
tions) or in liquefied gases, photolytic reduction and oxidation, and 
the preparation of pure substances (sublimation, recrystallization, 
extraction, chromatography, and distillation). Students will acquire 
skill in handling glass and quartz ware on standard joints, cryostats, 
thermostats, “dry” chambers, and simple measuring instruments. 

The first chapter of the book includes sections that describe in 
detail the procedures for dehydrating organic solvents and drying 
solids, the fundamental principles of operation of vacuum installa¬ 
tions and the technique of vacuum measurement, and work with 
chemical ware using joints. How to assemble apparatuses used most 
frequently in a laboratory is described in detail. This chapter also 
describes working procedures (the handling of electrical furnaces, 
temperature control, etc.) which, although being simple, are ex¬ 
ceedingly important for students who are beginning to work inde¬ 
pendently in a chemical laboratory. 

The present book devotes a lot of space to the synthesis of the 
most important inorganic compounds and the chemistry of the 
elements. Since the book contains a large number of experiments and 
syntheses, they cannot be performed by the students during the time 
allotted for practical work, and the authors have divided the labora¬ 
tory works of each chapter into two parts. The first describes the 
obligatory experiments, and the second, supplementary experiments 
and syntheses. 

The large number of diverse syntheses in the book enable the in¬ 
structor to vary the assignments to the students and thus expand 
their chemical outlook. 
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Preface 


Modern inorganic chemistry is a quantitative science. Consequent¬ 
ly, when performing experimental work, students must determine 
the yield of the substances obtained and certain constants such as 
the boiling points, solubility, and cryohydrate points, and also 
perform the required calculations with the use of the fundamentals 
of thermodynamics. 

Appendix 1 presents numerous reference tables containing most 
important data on the solubility of inorganic compounds in water, 
the density, dissociation constants, solubility products, ionization 
potentials of various atoms, etc., as well as thermochemical constants 
because many laws of inorganic chemistry cannot be explained with¬ 
out these quantities. 

The book presents no theoretical explanations, but does contain 
many questions relating to the technique of an experiment and its 
theory. The student must answer them, using the relevant textbooks 
and supplementary literature, and also the materials of lectures. 
The need to find an answer to a question in the book will teach a student 
studying inorganic chemistry to work independently and thought¬ 
fully with chemical literature from his very first steps, and, in 
addition, will relate the theoretical course and experimental work, 
which will help mastering the subject as a whole. 
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WORK IN A LABORATORY AND TECHNIQUE 
OF AN EXPERIMENT 

PROCEDURE OF WORK IN A LABORATORY 


1 

1.1 

1. Work in a chemical laboratory is effective only when it is 
performed conscientiously, with an understanding of its theory. 
Moreover, every chemical operation requires that the experimenter 
he careful and attentive. Even an experiment that seems to be quite 
harmless may result in serious consequences when it is planned improp¬ 
erly. This is why students are allowed to work in a laboratory 
•only after preliminary briefing. 

A student must read the description of the experiments he is to 
perform in the guide to the practical work, acquaint himself in 
textbooks with the properties of the substances being studied, with 
'the theory relating to the given topic, write the reaction equations, 
perform the required calculations, and also note the experiments 
that demand special attention and carefulness. 

The present guide contains a description of a large number of 
synthesis experiments requiring quite complicated equipment. 
Before beginning such an experiment, the student must think it out 
thoroughly as a whole, compile a concise plan of the operations to be 
performed consecutively, and understand the purpose of each com¬ 
ponent of the apparatus. All the pieces of equipment in which ex¬ 
periments are run must be assembled compactly, suitably, and 
attractively. 

2. Every student is given a permanent place in the laboratory 
(a working table and locker for laboratory ware), and he must keep 
it clean and in good order. Only the objects needed at the given time 
for work must be on the table. 

3. Put the reagents needed for work on the shelves above the 
laboratory tables or on special shelves. Concentrated acids and odor¬ 
ous substances are an exception. Store them in fume cupboards. 

4. Never leave reagents taken from the shelves at your place of 
work. 

5. Take dry reagents with a clean spatula or a special spoon. 
When pouring solutions from bottles, hold the latter with the labels 
upward (to prevent soiling them). 

6. If the guide does not indicate what amount of a substance 
must be taken for performing an experiment in a test tube, take a dry 
substance in an amount covering the bottom of the tube, and a solu¬ 
tion in an amount not more than one-sixth of the tube volume. 
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7. Never pour unconsumed reagents back into their storage bottles. 
Hand them in to the laboratory assistant. 

8. Put caps and stoppers of reagent jars and bottles with their 
surface that was not in contact with the reagent on the table. 

9. Never perform experiments not described in the guide without 
the instructor’s permission. 

10. Use only distilled water when preparing aqueous solutions, 
washing precipitates with water, rinsing glass ware, and so on. 

11. Always wear overalls when working in a laboratory. 

12. Hand in all synthesized substances to the instructor. Indicate 
the composition and weight of the preparation, and also your name 
and the date on the label. 

LABORATORY NOTEBOOK 

Enter all your observations of the experimental work and conclu¬ 
sions in a laboratory notebook that is a document reflecting all your 
work. Write your surname, initials, class number and the name of 
the course on the cover or first page of the notebook. Make all entries 
only in ink, concisely, accurately, and legibly, directly after perform¬ 
ing an experiment. The writeup must contain the following infor¬ 
mation: 

1. The date of performing the work. 

2. The names of the topic and experiment. 

3. A description of the conditions of the experiment. 

4. A drawing or diagram of the apparatus used. 

5. The equations of all the reactions proceeding in the experiments. 

6. The change in the colour of the substances, the separation and 
nature of a precipitate. 

7. The calculations made in performing the work. 

8. Answers to the questions contained in the guide. 

9. Conclusions. 

It is good to use a large squared notebook for your laboratory 
record. 

An example of a writeup of an experiment in a laboratory notebook 
is given below: 


Date : October 15, 1985 
Name of experiment 

Topic: Bromine. Preparation 
and running of experiment 

Observations. Conclusions 

Preparation of bromine 
by oxidizing hydro- 
bromic acid by manga- 
nese(IV) oxide 

Drawing of apparatus. 
Reaction equations. 

Required calculations. 
Tabulated data (b.p. 
of bromine, density, 
etc.) 

When the reaction mix¬ 
ture is heated, a brown 
bromine vapour con¬ 
densing as a heavy 
reddish brown liquid 
evolves 
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Enter the first and partly the second column when preparing for 
the experiment. Fill in the third column in the laboratory when run¬ 
ning the experiment. The passive voice is preferred for the writeup. 

SAFETY 

1. Perform all work with substances that are poisonous or have 
an unpleasant odour, and also the evaporation of acids and acidic 
solutions only in a fume cupboard; work far from a flame with 
flammable substances. 

2. Beware of water when working with metallic sodium and other 
alkali metals. Hand in trimmings of these metals to the laboratory 
assistant. Never throw them into the containers for waste. 

3. When heating solutions in a test tube, always hold it with its 
opening away from yourself and from your neighbour at the working 
table. It is especially important to observe this rule when concentrat¬ 
ed acids or solutions of alkalies are being heated. It is good to per¬ 
form these experiments in a fume cupboard. 

4. Never bend over a liquid being heated or substances being 
fused to avoid splashes getting onto your face. 

5. Never inhale odorous substances including evolving gases by 
bending closely over a vessel with these substances. Direct a stream 
of air from the vessel opening toward yourself by waving your hand 
slightly and carefully smell it. 

6. When working with solid alkalies (the crushing of large lumps, 
the filling of desiccators with an alkali, the preparation of mixtures 
for fusion, etc.), wear eye protection. Handle the alkali only with 
a spatula, tong, or pincers. Carefully remove all surplus alkali from 
your workplace. Observe the same safety measures when working with 
phosphorous anhydride. 

7. When diluting concentrated acids, especially sulphuric acid, 
pour the acid into water, and not vice versa. 

8. Work with mercury on special trays with high sides. 

9. Pour the residues of mercury and arsenic compounds, metal 
cyanides, or compounds of the rare and valuable metals into special 
jars (take them from the laboratory assistant). 

10. Before washing glass ware containing residues of white or red 
phosphorus, immerse it into baths with a solution of copper sulphate 
(take them from the laboratory assistant). 

FIRST AID 

1. If a concentrated acid (sulphuric, nitric, acetic, etc.) gets on 
your skin (hands, eyes, etc.), immediately wash the burnt spot with 
a strong stream of water for three to five minutes, after which apply 
a cotton wool bandage wetted with an alcohol solution of tannin or 
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a 3% potassium permanganate solution. If burns are strong, after 
first aid immediately see a physician. 

2. If your skin has been burnt by an alkali solution, wash the 
burnt spot with water until the skin stops feeling slippery, after 
which apply a bandage wetted with an alcohol solution of tannin 
or a 3% potassium permanganate solution. 

3. If splashes of an acid or alkali get into your eyes, immediately 
wash them with a great deal of water at room temperature, and 
then see a physician without delay. 

4. If you have burnt your skin with a hot object (glass, metals, 
etc.), first apply a bandage wetted with an alcohol solution of tannin 
or a potassium permanganate solution, and then a greasy bandage 
(an ointment for burns). 

5. When burnt by phosphorus, apply a bandage wetted with 
a 2% copper sulphate solution to the burnt spot. 

6. If a solution of hydrofluoric acid gets on your skin, wash the 
burnt spot with running water, and then apply a cotton wool bandage 
wetted with a 10% solution of calcium chloride or a saturated solu¬ 
tion of magnesium sulphate. 

7. If someone in your class has been poisoned by chlorine, bro¬ 
mine, hydrogen sulphide, or carbon monoxide, take him or her out 
into the open air and immediately call a physician. 

8. If you have been poisoned by an arsenic or mercury com¬ 
pound, or by a cyanide, immediately see a physician. The precautions 
to be taken when working with other poisonous substances are indi¬ 
cated in the relevant sections of the book. 

LABORATORY WARE 

Experiments are performed in special laboratory ware made from 
thin or thick laboratory glass. Thin glassware must be chemically 
and thermally stable. Ware in which reactions are performed with 
heating is made from heat-resistant Pyrex glass and quartz. 

Pyrex glass contains about 80% of silicon dioxide, about 5% of 
alkalies, and has a low expansion coefficient. Ware made from it 
has a high thermal stability. The softening point of this glass is 
about 620 °C. 

Laboratory ware for reactions requiring a higher temperature is 
made from quartz glass. It contains about 99.95% of silicon dioxide 
and is distinguished by a high thermal stability and by its inertness 
with respect to a number of chemical reagents (except for hydrofluoric 
and phosphoric acids). The softening point of quartz glass is 
about 1650 °C. 

The glassware shown in Fig. 1 is used the most in chemical labora¬ 
tories. It includes test tubes (la), Wurtz test tubes (lb), beakers 2, 
flat-bottomed flasks 3, round-bottomed flasks 4 , Wurtz flasks 5, coni- 
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cal (Erlenmeyer) flasks 6, side-arm bottles (for suction) 7, crystalliz¬ 
ers 8, funnels 9, desiccators 10, weighing bottles 11, extractors 12, 
calcium chloride tubes 13, tees 14, adapters 15, U-tubes 16, dephleg- 
mators (reflux condensers) 17, coolers 18, wash bottles (19a) and dry- 



1 2 3 4 5 6 7 



8 9 10 11 12 13 14 15 



Fig. 1. Glassware 


ing columns (19b), watch glasses 20, retorts 21, and dropping fun¬ 
nels 22. 

In addition to glassware, porcelain ware is also used in the labora¬ 
tory (Fig. 2): bowls 1, cups 2, crucibles with lids 3, Buchner funnels 4, 
mortars and pestles 5, boats 6, and triangles 7. 

For working with small amounts of substances, laboratory ware of 
a small size and capacity is used, for example, 2- and 10-ml flasks, 
20-, 10-, and 5-ml beakers, etc. 

Measuring Vessels. The following measuring vessels (graduates) 
are generally used in laboratory work in inorganic chemistry: 
flasks, pipettes, burettes, arid measuring glasses. 
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Measuring flasks (Fig. 3) are used to prepare a solution with an 
exact concentration. They are flat-bottomed flasks with a long and 
narrow neck on which a thin line is marked. This mark indicates the 
boundary of a liquid which at a definite temperature occupies the vol¬ 
ume indicated on the flask. Since the neck of the flask is narrow, 



Fig. 2. Porcelain ware 


a comparatively slight change in the volume of the liquid in the 
flask appreciably changes the position of its meniscus. Measuring 
flasks have ground-glass stoppers. Usually, flasks for 50, 100, 250, 
500, and 1000 ml are employed. 

Pipettes are used for the exact measurement of a definite volume of 
a liquid. They are narrow cylindrical glass tubes with still nar¬ 
rower top and bottom ends (Fig. 4a). The n 

upper part of an ungraduated pipette has M. A 

a mark showing up to what level it lj ^ 

must be filled to obtain the volume _ /A [ 

indicated on it. Pipettes with a volume ^11 j_ 

of 10 or 20 ml are used the most. Gradu- Sr [ 

ated pipettes are also used (Fig. 4b). J 1 L 

Burettes (Fig. 5) are intended for J \ i 

pouring out strictly definite volumes of f jqo A 
a liquid. They are long glass tubes with ( ml J ) U '■ 

a graduated scale. The most popular are V ' / (a) 

50-ml burettes graduated by tenths of a „ , 

millilitre. The bottom part of a burette 3 ’ A . measunng flask 

is provided with a stopcock. The sim- /l ' Pipettes 

plest burettes have a valve consisting 

of a closely fitting glass bead within a short length of a rubber tube 
instead of a stopcock. 

Graduated cylinders and glasses (Fig. 6) are used for the rough 
measurement of liquids and have various capacities, namely, 5, 10, 
25, 50, 100, 150, 250, 500, 1000, and 2000 ml. 


Ware Washing. Thoroughly wash laboratory ware before using 
it in an experiment. First rinse it with tap water. If the dirt is not 
removed, use a special test-tube brush. Never wash ware with water 
and sand because scratches may appear on the glass that detract 
from its strength. 
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Dirt can also be removed chemically by washing the ware with 
a chromium mixture*. This ensures good wettability of the glass. 
After washing the ware, pour the chromium mixture back into its 
bottle (but not into a sink), thoroughly wash the ware with tap water, 



Fig. 5. Burettes 



Fig. 6. A measuring cylinder and 
glass 


and then rinse it two or three times with distilled water. Sometimes, 
an alcohol solution of an alkali is used for washing ware**. 

Never wipe the inside of laboratory ware with a towel. When 
required, dry ware in a drying cabinet (except for measuring vessels, 
which are never dried by heating). 


HEATING EQUIPMENT 

A variety of heating equipment is used in a laboratory, namely, 
gas burners, plates, baths, furnaces, drying cabinets, etc. 

Burners. The most convenient one is the Teklu burner (Fig. la) 
because its design enables one to regulate not only the inflow of air, 
but also that of gas. The latter enters the base of a Teklu burner 
via side connection 1, whence it passes along narrow tube 2 into 
tapered tube 3, where it mixes with air. In addition to a gas cock, 
the supply of gas can also be regulated by screw 4. Air enters the 


* Prepare a chromium mixture in a large porcelain mortar. Triturate about 
10 g of potassium bichromate, wet it with 3-5 ml of water, and add 100 ml 
of a 96% sulphuric acid solution while stirring. Transfer the settled solution 
into a thick-walled bottle with a ground-glass stopper. 

** Prepare an alcohol solution of an alkali by dissolving 5-10 g of sodium 
hydroxide in 10 ml of ethyl alcohol. 
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burner via the slot between tube 3 and disk 5 mounted on a screw 
thread. By turning the disk, one can change the width of the slot and 
thus control the flow of air into the burner. 

Air enters a Bunsen burner (Fig. 7b) through orifice 1 in the lower 
part of the upper tube. The opening of this orifice can be controlled 


by rotating sleeve 2 provided with 
a mating orifice. 

The greatest amount of heat is 
obtained in complete combustion of 
the gas, when the flame is non-lu- 
minous. When the supply of air is 
reduced, the flame becomes lumi¬ 
nous and smoky. To ignite a burner, 
shut off the access of air to it, light 
a match, open the gas cock, and 
after one or two seconds apply the 
lighted match to the edge of the 
burner opening. Make the flame 
non-luminous by increasing the 
inflow of air. 

How can the luminosity of a flame 
be explained? Acquaint yourself 
with the different zones of a non- 
luminous flame (Fig. 8). Which zone 
of the flame is the hottest? 



U) (b) 

Fig. 7. Teklu and Bunsen bur¬ 
ners 


In the lighting of a burner with an open air inlet, the flame may 
“jump” into the burner. Such a flame becomes luminous and smoky. 
The burner gets very hot, which may lead to serious consequences 
such as ignition of the rubber tubing through which the gas is sup- 



Fig. 8. Zones of a non-luminous Fig. 9. A brazing burner 
flame 


plied, spoiling of the table, and burning of one’s hands. In addition, 
incomplete combustion of the gas results in a large amount of carbon 
monoxide. If in the course of work the flame jumps into the burner, 
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shut the gas cock, let the burner cool, and light it again as indicated 
above. 

A brazing burner (Fig. 9) is used to obtain a flame with a higher 
temperature. It differs from a conventional burner in that its bottom 
part has two tubes with cocks. Air is fed into the burner via tube 1, 
and gas via tube 2. Air is supplied into the burner by a motor-driven 
blower, or it is fed in via a special air pipe from a central compressor 
plant. By regulating the supply of air and gas, you can obtain a flame 
of a various height and temperature. 

Prior to lighting a burner, see that all the cocks on the main gas 
and air pipes, and also at the burner are shut. First open the air cock 
at the burner to the limit, and then the gas cock. Apply a lighted 
match to the mouth of the burner from a side (do not bend over it), 
and the gas will ignite in a wide smoky flame (there is no blast be¬ 
cause the cock on the main air pipe is shut). Turnthegas cock to reduce 
the supply of gas. Next by smoothly turning the cock on the air 
pipe, set a normal blast (without breaking away of the flame). By 
sequentially turning the air and gas cocks at the burner, regulate the 
flame until it becomes uniform and sharp with a light blue colour 
and without any indications of soot. When the blast is too strong, 
the flame w r ill break away from the burner mouth. If the flame jumps 
into the burner, immediately close the gas cock, and light the burner 
again in about 1.5 minutes. 

The part of a flame beginning directly at the mouth of the burner 
is called the first reducing zone (300-520 °C). It is followed by the 
second zone, of complete combustion (1540-1560 °C). The third, 
oxidizing zone, is in direct contact with the oxygen of the air 
(~ 1540 °C). The heating of glass should be performed at the bound¬ 
ary between the second and third zones. 

Extinguish the flame as follows. First shut the air pipe cock, next 
the gas pipe cock, then shut the gas and air cocks at the burner. 
Never close the gas cock first because in this case the flame will 
immediately extinguish, and the gas remaining in the tubing and 
the burner will enter the premises. 

Keep burners clean. See that nothing gets into the burner tube. 
Screw apart and clean burners from time to time. 

Baths. A variety of baths are used for heating within a tempera¬ 
ture interval from 100 to 300 °C. 

A water bath is a metal vessel covered on top with a number of 
concentric flat rings fitting onto one another (Fig. 10a). The vessel is 
filled with water up to two-thirds of its volume, covered with the 
rings, and placed on a tripod. The water is heated up to boiling and 
constantly kept in this state by using a small flame of a gas burner. 
The vessel (bowl, beaker) with a solution to be heated is placed on the 
bath after removing enough rings for the vessel to be stable. See that 
the bath always contains water. Water baths with electric heating 
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(Fig. 106) are also used in laboratories. To obtain higher tempera¬ 
tures, oil or a concentrated solution of a salt (sodium or calcium chlo¬ 
ride) is poured into the bath instead of water. In this case, enamelled 
baths are recommended. 




Fig. 10. Baths: a—water; 6—water with electric heating 


A sand bath is used for careful heating to high temperatures (200- 
300 °C) and is often a pan or iron tray with clean, well roasted sand. 
The bath is heated by the flame of a gas burner. At present, electri¬ 
cal sand baths are mainly used in laboratories. 



Fig. 11. Furnaces: a —muffle; 6—crucible; c —tube 


Furnaces. Electrical furnaces are used for heating or roasting 
substances at a high temperature. 

In a muffle or crucible furnace (Fig. 11a and b), substances are 
roasted in crucibles. 

A tube furnace (Fig. 11c) is used to heat a reaction mixture in 
refractory tubes (quartz, porcelain, etc.). The preparation is placed in 
a boat (porcelain, quartz, platinum, etc.) that is pushed with a glass 
rod into a quartz or porcelain tube in the furnace. 

Remember that the laboratory electrical furnaces can be intended 
for a voltage of either 220 V or 127 V in the mains. Prior to connect¬ 
ing an electrical furnace to the mains, check the voltage (indicated 
on the furnace) for which it is intended. 





26 Work in a Laboratory and Technique of an Experiment 

1.2 TECHNIQUE OF LABORATORY WORK 

TEMPERATURE CONTROL 

Heating equipment (furnaces and drying cabinets) often contains 
rheostats that can be used to roughly maintain the required tempera¬ 
ture. 

Auto transformers are also widely used in laboratories. They allow 
the temperature to be controlled within a narrower interval. Let us 
consider a type JIATP-1 autotransformer (Fig. 12). Its front panel 
has six terminals. It is connected to 220-V mains via terminals 1 and 3, 




Fig. 12. A laboratory autotransformer 


or to 127-V mains via terminals 1 and 2. A furnace in both cases 
has to be connected to terminals 4 and 5 (“Load”) of the autotrans¬ 
former. 

The upper panel of the autotransformer has a scale graduated 
from 0 to 250 V, and a handle provided with a pointer. Turning of 
the handle changes the voltage of the current in the furnace winding 
and thus sets the required temperature. Connect a furnace to the 
mains via an autotransformer as follows: place the pointer on the 
upper autotransformer scale opposite the zero graduation, next 
connect the furnace to it and connect the autotransformer to the 
mains in accordance with their voltage. 


TEMPERATURE MEASUREMENT 
AND HEATING PROCEDURES 

Thermometers. Conventional mercury thermometers are used to 
measure temperatures not exceeding 300 °C. Special thick-walled 
glass thermometers make it possible to determine temperatures 
up to 500 °C. 

Thermocouples (Thermoelements). High temperatures are usually 
measured with thermocouples connected to millivoltmeters having 
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a double scale. The upper row of figures gives the readings in milli¬ 
volts, and the lower one, in degrees Celsius. 

A thermocouple consists of two wires of dissimilar metals or alloys 
insulated from each other by placing them in a two-channel porcelain 
tube. The wires are welded together at one end (the hot or measuring 
junction of the thermocouple) 

(Fig. 13). The free ends of the 
wires are connected to the ter¬ 
minals of a millivoltmeter 
(the cold or reference junction 
of the thermocouple). If the 
hot and cold junctions of the 
thermocouple are at the same 
temperature, there is no current 
in the circuit, and the galvano¬ 
meter pointer is at zero. If the . 
measuring junction is heated, Fig ' 13 ‘ A tllermocou P e 
a current arises in the circuit, 

and the instrument pointer moves along the scale and indicates the 
temperature difference between the measuring junction and the ref¬ 
erence one. The temperature of the measuring junction is found by 
adding this difference to the temperature of the reference junction 
(room temperature, the temperature of melting ice or of the vapour 
of boiling water). 

To measure temperatures not exceeding 800 °C, one should use 
thermocouples made from copper and constantan (the latter is an 
alloy of 45-60% copper, 40-55% nickel, and 0-1.4% manganese; it 
usually also contains about 0.1% carbon), Alumel (an alloy of 
95% nickel, 2 % aluminium, 2% manganese, and 1% silicon), and 
Chromel (90% nickel and 10% chromium), or iron and constantan. 
Platinum-platinum/rhodium thermocouples are generally used for 
measuring high temperatures (up to 1600 °C). 

For accurate temperature measurements, the reference ends of 
a thermocouple are maintained at a constant temperature, for exam¬ 
ple at that of melting ice or the vapour of boiling water. The tempera¬ 
ture of a heated body (tube, ceramics, furnace) can be determined 

Table 1 . THE GLOW OF SOLIDS 

Temperature, °C j Glow | Temperature, °C Glow 

white 

bright white 


500-600 dark red 1000-1200 

600-800 cherry red Above 1500 

800-1000 yellow 
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approximately according to its glow. Most solids when heated begin 
to emit hardly visible light at about 400-500 C C (Table 1). 

Heat liquids in flasks, beakers, and porcelain bowls through asbes¬ 
tos gauzes. When heating alkaline solutions, you will find it good 

practice to introduce pieces of porous 
ceramics or glass capillaries soldered at 
one end into them. 

To protect a liquid being heated from 
contamination, cover the beakers with 
watch glasses. When evaporating solu¬ 
tions (in bowls or beakers), funnels se¬ 
cured above the liquid being heated will 
serve the same purpose (Fig. 14). 

When heating test tubes with small 
amounts of solutions and liquids with 
precipitates, secure the tube in a wooden 
holder or in a clamp of a stand in a slight¬ 
ly inclined position (see that the mouth 
of the tube is directed away from you 
and your neighbours). Carefully, using 
a small burner flame, heat the entire 
tube (never heat the holder]), next bring 
Fig. 14 . Evaporation of a the top layer of the liquid up to its 
s0 u 10n boiling point and, lowering the flame, 

gradually boil the entire contents of the 
tube. You can also heat a tube gripped in a holder while continuously 
shaking it with your hand. 

When heating solids in a test tube, secure it in a clamp of a stand 
in an inclined position so that the mouth of the tube will be some¬ 
what lower than its bottom (why?). First slightly heat the entire 
tube, and then more strongly the part where the solid is. 


FILTRATION 

To separate solids from a liquid, filtering through paper filters 
(smooth or fluted) is employed. Cotton wool, asbestos fibres, glass 
wool, crushed coal, porous glass, and a number of other materials can 
also be used as filters. The liquid separated in filtration is called the 
filtrate. 

To prepare a smooth filter, take a square piece of filter paper 
corresponding to the size of the funnel to be used, fold it in half as 
shown by the dashed line in Fig. 15a, and then fold it in half another 
time. Cut away the outer corners along an arc. Insert the cone ob¬ 
tained into the funnel and wet it with distilled water. See that the 
entire surface of the filter adheres to the filter walls. The edge of the 
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filter must be lower than the funnel edge by at least 0.5 cm. There 
must be no air bubbles between the filter and the funnel. 

To make a fluted paper filter, proceed as follows (see Fig. 156). 
Take a round piece of filter paper and fold it into quarters; then 



Fig. 15. Preparation of a filter 

open it as shown in Fig. 156, I. Place 01 along 02 and crease the 
paper, then open it. Put 03 along 02 , crease, and open. The result 
of these two operations is shown in Fig. 156, II. Similarly, place 1 
on 4 , crease and open, then 1 on 5 , 3 on 5 , and 3 on 4 (Fig. 156, III). 
Next, making opposite folds, put 01 under 06 , crease, hold shut as 
you put 06 under 04 , and so on to make a fan by means of eight oppo¬ 
site folds. Open, and you have the fluted filter shown in Fig. 156, IV. 

Place a funnel with a filter in the ring of a stand so that its lower 
end is in contact with a wall of the receiver (why?). Pour the liquid 
to be filtered into the funnel along a glass rod (Fig. 16) which you 
should hold in your left hand. 

Filtration can be accelerated by using funnels with ribbed walls 
(Fig. 17a) or with a long tube having a loop (Fig. 176). A filter fits 
tightly against the upper edge of the funnel and the ribs, which en¬ 
sures more rapid flowing down of the liquid and a small vacuum. In 
the second case, the loop plays the role of a siphon, when it is filled, 
the liquid rapidly flows down, and a rarefied space forms in the tube. 

In the recrystallization of substances, hot saturated solutions 
usually have to be filtered. The solution cools during filtration, and 
the substance, crystallizing on the filter, hinders the process. This 
results in a great loss of the substance being crystallized. To avoid 
such losses, it is good practice to filter hot solutions in a glass fun¬ 
nel with a short cut off tube that is placed in a device with electrical 
(Fig. 18a) or water (Fig. 186) heating. A device with water heating 
has double walls with water between them. The water is heated to 
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boiling in a side arm. A fluted filter is placed in the glass funnel. With 
such filtration, virtually no crystallization occurs on the filter. 

For the more rapid separation of insoluble substances, filtration 
under reduced pressure is performed (Fig. 19). A porcelain Buchner 



Fig. 18. Devices for heating funnels: a —with electric heating; b —with water 
heating 

funnel (or a funnel with a glass filtering bottom) is inserted through 
a stopper into a thick-walled flask for suction out. A rarefaction is 
produced by a water-jet pump or the vacuum line of the laboratory. 
There must be an empty protective bottle between the suction flask 
and the pump (why?). 
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Put two paper filters on the bottom of the Buchner funnel. The 
lower one must be of the same size as the funnel bottom, while the 
diameter of the upper one must be 0.5 cm larger than that of the 
first one. To cut out such circles, put a sheet of filter paper on the 
funnel and slightly press it down with your palm. By cutting the 
filter paper along the imprint, obtain the upper (larger) filter. Cut 
out the smaller filter, place it on 
the bottom of the funnel, wet it 
with a small amount of distilled 
water, and press it against the 
bottom. Put the second filter on 
top and fold its edges onto the 
filter walls. Connect the device 
to a pump so that the filters are 
"sucked” tightly to the bottom 
and walls of the funnel. 

Before beginning filtration, op¬ 
en the clamp of the tee and switch Fig- 19- Filtration under reduced 
off the pump. Transfer the solu- pressure 
tion with the precipitate into the 

Buchner funnel along a glass rod, then close the clamp and switch 
on the water-jet pump. When the major part of the liquid has been 
filtered and the precipitate has become compact, see that there are 
no cracks in it. If cracks form on the surface of the precipitate, 
carefully smooth them out with a glass rod or the wide part of 
a glass stopper. 

For the more complete separation of the filtrate from the precipi¬ 
tate, press the latter slightly against the funnel bottom with a glass 
stopper. Filtration is considered to be complete if filtrate drops no 
longer appear at the tip of the funnel. Prior to closing the cock of the 
water-jet pump, “extinguish” the vacuum in the suction flask. To do 
this, open the safety clamp on the outlet tube or extract the stopper 
with the funnel from the suction flask. 

To remove the precipitate from the Biichner funnel, turn it over 
onto a sheet of filter paper on glass. When you slightly tap the funnel, 
the precipitate will fall onto the paper. 

Funnels or crucibles with a soldered in porous or sintered glass plate 
have found wide application in laboratory practice. These plates are 
characterized by a diverse pore size, which is designated by the 
relevant filter number: 

Number of sintered glass crucible 12 3 4 

Average pore size, pm 120-100 50-40 30-20 10-5 

Such filters are stable with respect to inorganic and organic 
acids except for hydrofluoric acid, and are quite stable to the action 
of alkalies in the cold. 
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Crucibles No. 1 and 2 are used for separating coarse-grain precipi¬ 
tates, and No. 3 and 4 for separating fine-grain ones. Sintered glass 
funnels and crucibles are put instead of a Buchner funnel into a suc¬ 
tion flask with connection to a water-jet pump. 

Centrifuging is employed for washing and separating jelly-like 
precipitates (hydroxides, sulphides). The precipitation of solid 
phase particles is accelerated under the effect of the centrifugal 
force developed in the rapid rotation of a centrifuge. 

When using an electrical centrifuge, see without fail that tubes 
with solutions placed in opposite holders have the same mass. After 
switching on the centrifuge, control its speed in accordance with the 
instructions for the given centrifuge type. At the end of centrifuging, 
place the handle of the speed governor in its “zero” position. When 
rotation has stopped, switch off the centrifuge from the current 
source, open the centrifuge lid, and extract the tubes. Decant the 
liquid, and if the precipitate has to be washed, repeat the centrif¬ 
uging after pouring the relevant washing liquid (water, alcohol, 
etc.) into the tubes and stirring their contents. 


WORK WITH LABORATORY WARE ON GROUND JOINTS 

In laboratory practice, it is very convenient to use ware and 
connecting tubes with ground joints. This enables one to obtain 
a tight (hermetic) connection of individual parts of a setup that can 
be easily disconnected if required. Standard taper joints are preferred 
whose dimensions are established by the relevant standards. The 
basic quantity in designating joints is the maximum diameter of the 
ground zone (mm). The length of this zone is also indicated (mm). 
The most widespread (in manufacturing ware and stoppers) are stan¬ 
dard joints with the following ratios of the diameter and length of 
the ground zone: 14, 5/23, 19/26, 29/32 and 45/40. 

Ground joints, like glass cocks, must never be used without lubrication! 
They are easily damaged if this is done, and the tightness of the 
connection will be disturbed. Clean the surface of a joint before 
applying a lubricant to it. Choose the latter depending on the process 
to be carried out in the ware with joints. 

Use a special vacuum grease for work with a vacuum. Apply it to 
a joint after thoroughly washing the latter in an organic solvent 
(ether, acetone, carbon tetrachloride, etc.). Use a very small amount 
of the grease when lubricating a joint. Abundantly lubricated joints 
and cocks may leak. Apply the grease with your finger or with a 
a small horn or metal spatula uniformly over a zone about several 
millimetres wide in the broad internal part of the joint. Next slightly 
heat both parts of the joint by the luminous flame of a burner, connect 
them, and carefully turn them about their axis. Since vacuum grease 
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becomes very viscous with time, it is wise to change it completely 
before each experiment. 

When working with aggressive gases or volatile liquids, use 
syrupy substances for lubrication, for instance phosphoric acid or 
concentrated sulphuric acid. However, owing to its lower viscosity 
and strong hygroscopicity, the latter is less suitable for this purpose. 

Vaseline oil or glycerin is very often used for lubricating joints 
and cocks when working with non-aggressive compounds under con¬ 
ditions of room temperature. 


DRYING OF SOLIDS 

Crystalline and amorphous substances that are stable in the air 
and do not decompose when heated in the temperature interval from 
100 to 130 °C are dried in a drying cabinet. The same substances can 
be dried in the air and in a desiccator over phosphorus anhydride, 
anhydrous calcium chloride, or concentrated sulphuric acid. 

Dry substances containing water of crystallization in desiccators 
over a drying agent and see that the water vapour pressure over it 
(Table 2) corresponds to the water vapour pressure over the crystal- 
lohydrate being dried. 

Table 2. W’ATER VAPOUR PRESSURE OVER DRYING AGENTS 


Substance 

Water vapour 
pressure, 
mmHg (20 °C) 

Substance 

Water vapour 
pressure, 
mmHg (20 °C! 

Copper sulphate 

1.4 

Potassium hydroxide 

0.002 

Calcium chloride 

0.36 

Magnesium perchlorate 

0.000 5 

Sodium hydroxide 

0.16 

Phosphorus(V) oxide 

0.000 02 

Sulphuric acid (cone.) 

0.003 




Dry hygroscopic solids containing no water of crystallization in 
a desiccator over a drying agent. Dry solids that are easily hydrolyzed 
by the moisture of the air, and also substances oxidized by the 
oxygen of the air in a vacuum desiccator or in a special vacuum 
drying cabinet. The vacuum in such cabinets is produced by an 
oil pump. 

A vacuum desiccator has a side arm with a cock by means of 
which it is connected via a protective wash bottle to a water-jet 
pump producing a vacuum in the desiccator. 
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DRYING OF ORGANIC SOLVENTS 

In preparative inorganic chemistry, synthesis in an organic sol¬ 
vent is used quite widely, especially when preparing inorganic 
substances that greatly hydrolyze. The organic substances used for 
this purpose, which are thoroughly dried, must not contain even 
traces of moisture. Below are given the procedures followed in drying 



Fig. 20. Apparatus for distilling liquids 


Fig. 21. Apparatus for 
heating liquids with 
a reflux condenser 


the organic solvents used the most frequently in laboratories. Find 
their boiling points in a reference book. 

Diethyl Ether. Drying with a zeolite. Put 500 ml of diethyl ether 
and 50-100 g of freshly roasted zeolite of Grade NaA or CaX into 
a one-litre flask provided with a stopper and a calcium chloride tube 
filled with roasted calcium chloride. The water capacity of the zeo¬ 
lite and its roasting temperature are indicated on the label. It is 
recommended to hold the ether over the zeolite about two days. 
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Drying with Phosphorus(V) Oxide. If no zeolite is available, 
phosphorus(V) oxide may be used. Put 500 ml of diethyl ether and 
50 g of phosphorus(V) oxide into a one-litre flask provided with 
a stopper and a calcium chloride tube filled with calcium chloride. 
Mix the contents of the flask from time to time by carefully shaking 
it and let the mixture stand for two days. Then pour off the ether 
from the black oily liquid at the bottom of the flask and distil the 
ether over metallic sodium. 

Distillation of Ether over Metallic Sodium. (Do not distil the liquid 
to the end!) Assemble the apparatus (Fig. 20). Put 5-10 g of metallic 
sodium dried with filter paper, cleaned of its oxide film, and cut 
up into pieces (about 5x5 mm in size) and 300 ml of ether into the 
flask. Connect a cooler with a receiver to the flask with the ether. 
Heat the distillation flask on a water bath placed on an electric stove with 
an enclosed coil. The distilled ether in contact with freshly cut lus¬ 
trous metallic sodium should produce a faint cloud of hydrogen 
bubbles. 

Store ether over metallic sodium in a bottle with a cork stopper 
provided with a calcium chloride tube containing calcium chloride. 

Methanol. Commercial methanol contains less than 0.3% of 
water and may be used for the experiments set out herein without 
additional drying. The water content in it can be controlled by 
measuring its density with a densimeter (Table 3). 


Table 3. DENSITY OF SOLVENT DEPENDING ON ITS WATER CONTENT 


Methanol 

Ethanol 

density, g/ml 

water content, % 

density, g/ml 

water content, % 

0.7917 

0 

0.7893 

0 

0.7948 

1 

0.7924 

1 

0.7976 

2 

0.7955 

2 

0.8005 

3 

0.7985 

3 

0.8034 

4 

0.8014 

4 

0.8062 

5 

0.8042 

5 

0.8090 

6 

0.8070 

6 

0.8118 

7 

0.8098 

7 


Ethanol. Assemble an apparatus (Fig. 21). Pour 1 litre of ethanol 
into a 2-litre round-bottomed flask provided with a reflux condenser, 
add 150 g of Grade NaA or CaA zeolite or 200 g of freshly roasted 
calcium oxide and boil the ethanol during 24 hours. Next replace the 
reflux condenser with an inclined one (see Fig. 20) and distil off the 
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ethanol. Measure the density of the distilled ethanol. Use Table 3 to 
determine its water content. 

Carbon Tetrachloride. Put 30-40 g of anhydrous calcium chloride 
into the flask of an apparatus for distilling liquids (see Fig. 20) and 
pour in 0.5 litre of carbon tetrachloride. Hold the carbon tetrachlo¬ 
ride over the drying agent for one day, then distil it off into a dry 
receiver. 


BALANCES AND WEIGHING 

Weighing with various accuracy is required in laboratory practice. 
A technical chemical balance is used for weighing with an accuracy 
up to 0.01 g. A conventional analytical balance (Fig. 22a) can be 
used for weighing with an accuracy up to 0.000 2 g. 



Balances of both kinds can be equal-arm or single-pan ones. 

Balance Design. The principle underlying the design of technical 
chemical and analytical equal-arm balances is the same. A metal 
beam (equal-arm lever) is provided with three knife edges—two at 
its ends and one at its middle (Fig. 22b). 






















Work 'in a Laboratory and Technique of an Experiment 


37 


The middle knife edge rests on a plate on the central column of 
the balance and is the point of support. In an analytical balance, the 
knife edges and plate are made from agate or synthetic sapphire. 
The stirrups carrying the balance pans rest on the side knife edges. 
The beam is provided with a long pointer that indicates the deviation 
of the beam from a horizontal position on a scale. When the beam 
is horizontal, the pointer is opposite zero of the scale. 

When a balance is not being used, all its moving parts should be 
lifted and the knife edges separated from their bearing surfaces by 
means of a device called an arrester. In this position of the balance, 
the beam cannot rock. This prevents excessive wear of the knife 
edges. 

The beam is the sensitive element of a balance because its position 
is determined by the load at both sides of the central knife edge. 
Some balances are outfitted with a special device called a damper. 
The latter shortens the time needed for the beam to come to rest in 
a stable state of equilibrium. Such a balance is called damped. 

An analytical balance is accommodated in a glazed cabinet whose 
front wall can be raised and whose side doors can be opened. The 
cabinet protects the balance from dust and air streams. The latter 
make accurate weighing impossible. The substance to be weighed 
and the weights are placed on the balance pans when the doors are 
open; the front wall is lifted only for repairs of the balance. During 
weighing, and also when the balance is not being used, all the doors 
must be shut. An analytical balance is provided with a set of differ¬ 
ent weights having a mass of 50, 20, 10, 5, 2, 1 grammes and 500, 
200, 100, 50, 20, 10 milligrammes. 

Larger weights are also used for weighing on technical chemical 
balances. The weights are kept in a box in a definite order that 
must be strictly observed. The “lugs” of the milligramme weights 
should be turned to the right. 

Weighing Rules. Prior to weighing, see that the balance is in 
good order. Turn the arrester handle clockwise and watch the rocking 
of the pointer. If the pointer deviates from zero by the same number 
of graduations to the left and right, or the deviations in one direction 
differ by at most 1-1.5 graduations from those in the other one, 
consider that the balance is in good order. After checking the zero 
point, close the arrester. If the pointer does not deviate from zero as 
indicated above, inform your instructor that the balance is not in 
good order. 

Put the substance to be weighed on a dry glass plate, in a weighing 
bottle or glass whose weight has been determined beforehand. When 
weighing a liquid, see that no drops of it get onto the balance pan. 
The substance being weighed must have the same temperature as that 
of the balance. 

Place the object to be weighed on the left pan of the balance, and 
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the weights on the right pan. Put the box with weights on the table 
near the balance at the right side. Handle the weights only with 
pincers and in a definite sequence. Begin with the greater weight 
and then add the following ones as required with a constantly de¬ 
creasing mass*. Put weights or loads on the balance pans and remove 
them only when the balance is arrested. 

Weighing on a technical chemical balance may be considered 
completed when the addition of a 0.01-gramme weight is insufficient, 



Pig. 23. A single-pan balance 


and of a 0.02-gramme weight is 
excessive. 

On an analytical damped balance 
(see Fig. 22), tenths and hund¬ 
redths of a gramme are loaded with 
the aid of a special mechanism 
manipulated by means of disks at 
the right-hand side of the front 
balance wall. Thousandths and 
ten thousandths of a gramme are 
indicated by the position of the 
pointer on an illuminated scale in 
the lower part of the balance be¬ 
tween its pans. 

After weighing, write the found 
weight in your notebook and put 
the weights in the required order 
into the nests of the box. When doing 


this, check your entry in the note¬ 
book. Never use a balance to weigh a load exceeding its maximum 
capacity. 


A single-pan balance (Fig. 23) is intended for rapid weighing with¬ 
out the use of weights. The balance is designed for weighing loads 
with a mass from 0 to 200 g. 

A single-pan balance designed for rapid weighing has no arrester, 
therefore take great care when placing a load on the pan. For weigh¬ 
ing, first switch on the balance illumination with the aid of the 


tumbler switch on the rear panel of the balance body, and next set the 
indicator at zero by using the knob on the right-hand side of the 
balance. The knob is usually coloured differently than the balance 
body. Put the substance to be weighed in a glass or porcelain contain¬ 
er of known weight and then carefully place the latter on the 
balance pan. Write down the reading that appears on the illuminated 
scale. The numbers on the scale indicate grammes, and one division 
of the scale corresponds to 0.1 g. The accuracy of weighing within the 


* For a detailed description of the rules for weighing on an analytical 
balance, see a guide on weight analysis. 
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interval of 5-200 g is 0.1 g. To see that the balance operates with 
satisfactory accuracy within the interval of 0-5 g, calibrate the scale 
with the aid of weights. 

WORK WITH GLASS 

Everyone working in a chemical laboratory must be able to perform 
the simplest glass shaping operations, namely, cutting glass rods 
and tubes, fusing them, bending tubes, and drawing capillaries. 

Glass Cutting. Glass tubes and rods are cut with a hard steel 
knife or file. To cut off a length of tubing, make a mark with a file at 
the required spot. Next, while holding the tube in your left hand or 
having placed it on a table, file a notch at the marked place, pres¬ 
sing slightly on the file. After this, break the tube. To do this, hold 
it with both hands with your thumbs at opposite sides of the notch, 
slightly bend the tube ends toward yourself and simultaneously 
stretch the tube somewhat. 

Tubes up to 10-12 mm in diameter can be cut in this way. When 
properly notched, a tube breaks easily, forming clean edges without 
burrs. To cut wider tubes, tie a thick thread wetted with ethonol 
around the notched spot. Ignite the thread, and the glass at this 
spot will crack smoothly. 

Fusing of Glass. When using a cut off tube or rod with a sharp 
edge, you may cut your hand or spoil a cork or rubber stopper which 
you are fitting onto such a tube. To smooth a sharp glass edge, it 
must be fused. To do this, heat 
the tube end in the upper part of 
a flame and constantly rotate the 
tube about its axis until the glass 
softens somewhat, which is indi¬ 
cated by the yellow colour of the 
flame, and begins to melt. Remove 
the tube (or rod) from the flame 
and let it gradually cool. Fig. 24. A special “dovetail” noz- 

Tube Bending. To bend a glass Re for a gas burner 
tube, heat a part of it about five 

or six centimetres long on a wide flat flame. You can obtain such 
a flame by fitting a special nozzle (“dovetail”) (Fig. 24) onto a gas 
burner. Hold the tube in both hands and heat the part to be bent in 
the upper part of the flame while continuously rotating the tube 
in one direction. When the glass softens and the tube begins to bend 
by itself, remove it from the flame and bend it quickly by smoothly 
urging its ends upward. A properly bent tube (Fig. 25a) should have 
no folds and constrictions (Fig. 255). 

Drawing out a Tube End and Making Capillaries. To draw out 
the end of a tube (Fig. 25c) or a capillary (Fig. 25 d), heat the tube 
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until it softens, extract it from the flame and slowly draw it out to 
the required diameter. When the tube has cooled, carefully notch it 
and break off the superfluous tip. 

Sealing of Tubes. To seal a tube, draw out its end and cut off 
the superfluous part. Next, while constantly rotating the tube, heat 


ft 


(a) 



Cut here 


(c) 


V 


(d) 


Fig. 25. Glass tubes: a —bent correctly; 6—bent improperly; r .—with drawn 
out end; d —with capillary cross section 


its drawn out end in the upper part of a burner flame until the 
opening fuses and the tube end becomes round. 

Usually a thickened sealed end is obtained, and it can easily 
crack. To avoid a thickened tube end, remove it from the flame after 
sealing and carefully blow air into the cold part of the tube until 
a properly rounded end is obtained. 


STOPPERS 


Choice of Stoppers. Cork and rubber stoppers are generally used 
in a laboratory. It is very important to choose a suitable stopper for 

a vessel. Take a cork stopper that 
enters the vessel opening with 
difficulty (i.e. is slightly larger 
than the opening) and compress it 
with a cork kneader, after which 
it becomes soft and fits well into 
the opening. 

Choose a rubber stopper for a ves¬ 
sel opening so that it fits into the 
latter more than half way. This is 
especially important when a glass 
tube will be inserted later into the 
stopper. 

Never use cork or rubber stoppers 
to close vessels with concentrated 
acids or alkalies because the latter 
destroy such stoppers. 

Drilling of Stoppers. Select a bit of the proper size (Fig. 26) for 
drilling a hole in a stopper. For a cork stopper, the bit diameter must 



Fig. 26. A set of drill bits 
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be somewhat smaller than that of the glass tube to be inserted into it. 
The bit diameter for a rubber stopper must correspond to the relevant 
tube diameter or be somewhat larger than it. 

Take a cork stopper in your left hand and mark its narrow end with 
the bit where the hole is to be, next begin to revolve the drill by its 
handle in one direction while applying a slight pressure. See that thu 
drill and stopper axes coincide, otherwise the hole will be skew. 
When the bit almost reaches the 
end of the stopper, put the latter on Q 

a bigger cork or similar material on (LiTm—, 11 miiim, 

the table and continue to revolve ih 

the drill until the bit emerges from liiiriiiiiiiif—\ 

the stopper. ittIF/ nlh \ 

When drilling a rubber stopper, iiii \ 

you will find it prudent to wet 1 ' 

the tip of the bit with glycerin or a | 

dilute ammonia solution and drill | . 

on a table as indicated above, or Ififeil | 

in a special stopper drill (Fig. 27). iur _ 'nmf I 


PRODUCING A VACUUM “ ' 

It is often required in iabora- JJF l!l !Hjj||i' , 

tory practice that the space in an iM J|| 

apparatus should contain no air and ~ '~‘ J ' ‘ ' 

other gases. Such a rarefied space ... __ . . , ... 

is called a vacuum. Water-jet Fig- 27. A stopper drill. 

pumps produce a rarefaction of the 

order of several mmHg in a system, while modern vacuum equip¬ 
ment can produce a residual pressure ranging from 10~ 2 to 10 -11 mmHg. 

Water-jet pumps can be used wherever there is an adequate pressure 
of the water in the mains 2 at or 196.2 kPa). The ultimate vacu¬ 
um depends both on the design of the pump and the water temperature 
and cannot exceed the water vapour pressure at the given tempera¬ 
ture (Appendix 1, Table 13). 

At present, there are two basic techniques of producing a vacuum, 
namely, by means of vacuum pumps and by using special gas absorb¬ 
ers. A third auxiliary technique uses freezing out traps that lower 
the pressure of the vapour in a vacuum system. 

The main parameters of vacuum pumps are: 

1. The initial pressure from which normal operation of a pump 
begins. 

2. The minimum pressure reached by the given pump, called the 
ultimate pressure. The ultimate vacuum is determined mainly by 
the vapour pressure of the working fluid. 

3. The evacuation rate is determined not only by the evacuating 



42 


Work in a Laboratory and Technique of an Experiment 


capacity of a pump, but also by the resistance of the connecting tubes 
to the flow. Therefore, to produce a high vacuum, never use too nar¬ 
row delivery tubes and first of all narrow openings in cocks. 

A vacuum up to 10 -4 mmHg can be produced by a rotary (or mecha¬ 
nical) pump. Steam-jet pumps operate within the range from 10~ 2 

to 10 -7 mmHg. Gas absorbers are 
used to produce a vacuum below 
10- 8 mmHg. Their operation limits 
are 10- 8 to 10- 11 mmHg. 

Conventional setups generally 
consist of the following elements: 
(1) a fore pump (also called a pri¬ 
mary or roughing pump) that pro¬ 
duces and maintains the vacuum 
needed for the beginning of operation 
of the steam-jet pump. A mechani¬ 
cal pump is customarily employed 
for this purpose; (2) a steam-jet 
(oil or mercury) pump; (3) cooled 
traps, which assist the operation 
of the vacuum pumps by freezing 
water vapour and other gases condensing at a low temperature out of 
the system (the traps are cooled by liquid nitrogen); (4) a variety of 
valves and cocks required for controlling the setup; and (5) instru¬ 
ments for measuring the vacuum. Figure 28 shows a simplified dia¬ 
gram of a vacuum setup. 

Mechanical Pumps. Most modern fore pumps are mechanical ones 
with a revolving rotor and oil seal. All pump models follow the 
same principle, although they differ in design. 

The main part of all these pumps—an eccentric rotor—divides the 
internal pump space into several parts. This is achieved either by 
contact of the rotating eccentric with the stator surface (a valve 
pump) or by using movable vanes or plates. The latter may either 
be secured on the stator, being in sliding contact with the eccentric, 
(a stator-plate pump), or rotate together with the rotor, sliding over 
the internal surface of the stator (a rotary-plate pump, for example 
of the type shown in Fig. 29a). 

Figure 29 b shows schematically how a rotary-plate pump operates. 
The intake and discharge openings are indicated by arrows. The 
Roman numbers indicate the four characteristic positions of the ro¬ 
tor that it occupies consecutively during half a revolution. The 
direction of rotation is shown by an arrow. Let position / be the 
initial one. In position II, plate A, moving downward, produces 
a rarefaction at the intake opening side, into which the gas from the 
vacuum system flows. Plate B , moving upward, compresses the gas 
ahead of it and forces it out through the discharge opening. In posi- 



Fig. 28. A simplified vacuum 
setup: 1 —vessel being evacuated; 
.2—cooled traps; 3— steam-jet pump; 
4 —vacuum valves; 5—fore pump 
(pum p for preliminary rarefaction) 
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tion III , plate A continues to suck in the gas, while plate B dis¬ 
charges the preceding portion of the compressed gas through the 
valve of the discharge opening. Position IV coincides with initial 
position I, the only difference being that the plates have exchanged 
places. Each plate thus plays a double role: on the one hand, it 
pulls along the gas flowing in through the intake opening from the 
vessel being evacuated, and on the other, it compresses the gas ahead 
of it sucked in by the other plate and discharges it out of the pump. 


8 



I II III IV 

00 


Fig. 29. A rotary-plate pump: a—schematic view; 6—diagram of operation; 
1 —system being evacuated; 2 —eccentric rotor; 3 —stator; 4 —space where gas 
is compressed; 5 —movable plates; 6 —discharge opening; 7 —discharge valve; 
8 —oil seal over valve 


During continuous rotation of the rotor, the gas is sucked in and 
discharged in turn by both plates, thus evacuating the system which 
the intake opening of the pump is connected to. 

Oil contamination is one of the main causes of trouble in pumps. 
It increases the pressure of the oil vapour, which greatly lowers the 
ultimate vacuum. An increase in the oil vapour pressure is inevita¬ 
ble in an operating setup. An appreciable amount of water vapour is 
usually evacuated from the system so that the oil circulating in the 
pump forms an emulsion with the water retained in it. This leads 
t.o constant deterioration of the vacuum. 
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VACUUM MEASUREMENT 

In vacuum engineering, one has to do with pressures ranging from 
10~ 2 to 10 -11 mmHg. It is impossible to measure such a broad range 
of pressures with a single vacuum gauge of a universal type. At 
present, a great variety of vacuum manometers and gauges is availa¬ 
ble. U-tube, thermal, and ionization manometers are used the most 
frequently in laboratory practice. 

U-Tube Manometers. These are generally made from a glass tube 
bent in the shape of the letter U and partly filled with a working 
liquid, most often with mercury. The operation of the manometer is 
based on the displacement of the levels of the working liquid in both 
arms of the tube depending on the difference in the pressures over 
these levels. One arm of a manometer is connected to the vacuum 
setup in which the pressure is to be measured, while the other arm is 
either closed (soldered) or remains open, i.e. is constantly at atmo¬ 
spheric pressure. 

Thermal Manometers. The principle of thermal manometer opera¬ 
tion is based on the pressure dependence of the heat conductivity of 
a gas. This relation begins to manifest itself in the region of a moder¬ 
ate vacuum and gradually transforms into direct proportionality 
in the region of a high vacuum. At present, two types of thermal 
manometers, namely, the bridge and the thermocouple ones, pre¬ 
dominate in laboratories. 

A thermocouple manometer is a glass vessel with a tube for con¬ 
nection to a vacuum system. A heater is installed on two inlets to 
the vessel, while a thermocouple is welded to two other inlets. Its 
junction, in turn, is welded to the heater, to which a constant amount 
of heat is supplied. But since the heat conductivity of the residual 
gas in the system depends on the pressure, the withdrawal of heat 
from the heater is different at different pressures. Therefore, the 
temperature of the heater, which is measured by the thermocouple, 
also varies. The electromotive force (e.m.f.) produced will be propor¬ 
tional to the pressure. The millivoltmeter measuring the e.m.f. of 
the thermocouple is graduated in mmHg. Such a manometer can be 
used to measure a pressure from 10 -1 to 10 -3 mmHg. 

Thermocouple manometers are used to measure the pressure in 
the tubing of a preliminary vacuum where no high accuracy is 
needed. These manometers are not damaged if the vacuum system 
gets under atmospheric pressure during their operation. 

An ionization manometer is a glass vessel with a tube for con¬ 
nection to a vacuum system and three electrodes soldered into the 
vessel, namely, a cathode usually made from tungsten wire, a grid 
having a positive potential relative to the cathode and therefore 
being the anode, and an electrode with a negative potential relative 
to the cathode. 
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The electrons emitted by the heated cathode flow to the grid under 
the effect of the electric field and produce an electron current. The 
latter can be measured by an instrument included in the grid cir¬ 
cuit. 

If the grid potential is higher than the ionization potential of the 
residual gas, the gas in the manometer will become ionized when 
electrons collide with gas molecules. The positive ions formed in 
the course of ionization will flow to the negative electrode under the 
effect of the electric field of the latter. They give up their positive 
charge to this electrode and produce a current in its circuit that is 
measured by the relevant instrument. The negative electrode attract¬ 
ing positive ions is called an ion collector, while the current flowing 
in its circuit is called an ion current. 

For a given gas, the current in the collector circuit is proportional 
to the concentration of the molecules in the region of pressures from 
10~ 2 to 10- 11 mmHg (consequently, the scale is of a linear 
nature). 

In vacuum setups containing water, oil, or halogens, the cathode 
of the electronic valve is destroyed hopelessly after several hours of 
operation. To prevent this, ionization manometers are usually 
connected to a system of consecutively cooled traps. 


APPARATUS ASSEMBLY 

When performing laboratory work in inorganic synthesis, one has 
to assemble the required apparatus or setup from individual compo¬ 
nents, generally made of glass. The success of an experiment and also 
its safety often depend on the quality of apparatus assembly. This is 
especially important in the synthesis of readily hydrolyzing sub¬ 
stances, and also in work performed in an atmosphere of hydrogen, 
carbon monoxide, or chlorine. 

The main requirements which apparatuses assembled by students 
must meet is their good tightness, compactness, and an attractive 
appearance. 

Remember that any assembled apparatus must have an outlet to 
the atmosphere (see, for example, Fig. 59a, p. 103). 

The same apparatus can be used (when individual components, 
absorbents, or drying means are replaced) for synthesis of the most 
diverse compounds. Figure 61 (p. 105) shows an apparatus that can 
be used to produce chlorides, bromides, nitrides, sulphides, and 
hydrides of many metals. When the products are volatile, a special 
trap is installed at the end of the apparatus. When compounds that 
are unstable in moisture are being synthesized, a wash bottle or 
a column with a desiccant must be installed at the outlet from the 
apparatus. 
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When assembling an apparatus, remember that rubber tubes and 
stoppers can be affected by aggressive reagents (chlorine, bromine, 
etc.). To diminish this effect, and also to achieve compactness of the 
apparatus, use butt joints for gas outlet glass tubes with a minimum 
length of rubber tubes to connect them. When a butt joint of glass 
tubes in an apparatus is impossible (the tubes are at different heights) 
use an additional glass tube bent at the corresponding angle. Also 

remember that the volume of li¬ 
quids contained in wash bottles must 
never exceed the volume of the 
inner tube of the bottle. 

The edges of all glass tubes 
being used must be fused. Stoppers 
must enter the necks of flasks and 
the openings of reaction tubes 
about half way. 

If an apparatus is provided with 
a thermometer (see Figs. 20 and 
32), place it with the upper edge of 
the mercury bulb 0.5 cm below the 
discharge tube of the dephlegmator 
or Wurtz flask. 

Mixing of Reactants. Reactants 
can be mixed manually with a 
glass rod (if the chemical reaction 
is being carried out in an open 
vessel), or by using mechanical or 
magnetic mixers. 

A mechanical mixer consists of 
a glass rod with blades on its end. The rod is connected via a 
liquid seal to a motor powered from electric mains. 

A magnetic mixer operates according to the principle of transmit¬ 
ting motion from a revolving rotor to the mixing rod by means of 
the magnetic field of the rotor (Fig. 30). The front wall of the mixer 
is provided with tumbler switch 1 for switching on the electric heat¬ 
er, knob 2 for controlling the magnetic rotor speed, and tumbler 
switch 3 for switching on the motor. The heater can function only 
when the motor is switched on. When knob 2 is turned clockwise, the 
speed of the rotor and, consequently, that of mixing rod 4, grows. To 
prevent corrosion and chemical reaction with the substances being 
mixed, the rod is covered with a polyethylene coating or 
glass. 



l 2 3 

Fig. 30. A magnetic mixer 
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PURIFICATION OF SUBSTANCES 

The most widespread purification techniques are recrystallization 
and sublimation for solids, filtration and distillation for liquids, 
and the separation of the impurities by absorbing them by various 
chemical reagents for gases. 

2.1 SOLIDS 

RECRYSTALLIZATION 

Purification of Potassium Dichromate*. Using the table of solu¬ 
bilities (see Appendix 1, Table 1), calculate the amount of potassium 
dichromate that has to be taken to obtain a saturated solution^ in 
50 ml of water at 60 °C. 

Weigh the calculated amount of potassium dichromate on a tech¬ 
nical chemical balance and triturate it in a mortar. Pour the pow¬ 
dered salt into a chemical beaker, and add 50 ml of water. Place the 
beaker on an asbestos gauze and heat with the flame of a gas burner 
almost to boiling while mixing the solution with a glass rod. Why is 
the solution heated almost to boiling and only then filtered? 

To separate the insoluble impurities, filter the hot solution through 
a fluted filter into another beaker, using a funnel for hot filtra¬ 
tion. While continuously stirring, cool the filtrate to room tempera¬ 
ture, and then in a bath with ice to 0 °C. 

Why does the intensity of the solution’s colour change? Filter off 
the precipitated crystals through a Buchner funnel. What is con¬ 
tained in the mother solution? 

Investigate the mother solution for the presence of a potassium 
sulphate impurity**. To do this, add one or two drops of concentrated 
hydrochloric acid and a solution of barium chloride to 2-3 ml of the 
mother solution diluted with 5-10 ml of distilled water. In a similar 
way, determine whether potassium sulphate is present in the sepa¬ 
rated solid potassium dichromate. Compare the results obtained. 
Transfer the potassium dichromate into a preliminarily weighed 
porcelain bowl and place it for 30-40 min into a drying cabinet 
(100 °C). After cooling, weigh the dichromate on a technical 
chemical balance. 

Repeat the crystallization of the potassium dichromate (for what 
purpose?). Calculate the amount of water needed to obtain a potassi- 

* One can purify potassium nitrate, potassium and sodium sulphates, 
aluminium potassium alum, and other salts in the same way. 

** When recrystallizing sulphates, determine the presence of an impurity 
formed by a chloride ion. 
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urn dichromate solution saturated at 60 °C. Is hot filtration obliga¬ 
tory during the repeated crystallization? Put the crystals obtained 
on a watch glass or into a porcelain bowl and dry them in a drying 
cabinet during one hour at 110-120 °C. After removing the bowl (or 
watch glass) with the preparation from the cabinet, put it into 
a desiccator (why?) for cooling, weigh it with an accuracy up to 
0.1 g and return it to the drying cabinet for half an hour. Dry up to 
a constant weight. See whether the potassium dichromate obtained 
after the repeated crystallization contains a sulphate impurity. 
Determine the yield as a per cent of the initial mass of the specimen, 
and also the theoretically possible yield. What losses cannot be 
avoided in recrystallization? 

Purification of Ammonium (Sodium, Potassium) Chloride. Prepare 
a saturated solution of ammonium chloride at 60 °C, taking 50 ml of 
water and the calculated amount of salt for this purpose. Heat the 
solution almost to boiling, filter it through a funnel for hot filtration, 
pour the filtrate into a porcelain bowl, put it on a water bath, and 
evaporate it up to half of the initial volume. Why is it necessary to 
remove part of the water by evaporation in this experiment? 

Transfer the contents of the bowl into a beaker and cool it in 


a bath with ice. Filter out the precipitated crystals in a Buchner 

funnel, and dry them in the air. 



Calculate the yield in per cent. 
Why should ammonium chloride 
be dried in the air, and not in 
a drying cabinet? How should so¬ 
dium and potassium chlorides be 
dried? 

SUBLIMATION 

Purification of Iodine. Put 0.5 g 
of crystalline iodine and 0.2 g 
of potassium iodide (why is the lat¬ 
ter added?) on the bottom of a low 


Tig. 31. A setup for purifying 
iodine by sublimation 


beaker without a spout (Fig. 31). 
Insert a flask with a bulge in its 
bottom into the beaker. Fill the 


flask with cold water, preferably 
running. Place the setup on an asbestos gauze and carefully heat the 
bottom of the beaker with a gas burner. See that the water in the 
flask is cold during the experiment. What is observed? Gather the 
crystals of the sublimed iodine in a weighing bottle or on a watch 
glass and weigh them. Determine the yield of iodine in per cent. 
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2.2 PURIFICATION AND DISTILLATION OF LIQUIDS 

Purification of Water from Substances Dissolved in It. Assemble 
an apparatus as shown in Fig. 32. Fill cooler 2 with water. Feed 
the water upward through the cooler (why?). Prepare (draw out) 8- 
10 glass capillaries 10-12 mm long and seal them at one end. 



Into Wurtz flask 1 with a capacity of 0.5 litre pour 250 ml of 
a potassium chloride or copper sulphate solution after having mea¬ 
sured the density of the solution with a densimeter. Submerge the 
prepared glass capillaries in the flask containing the liquid with their 
open ends downward (why?). Close the opening of flask 1 with 
a stopper containing thermometer 6. Heat the solution in the flask to 
boiling with a burner through an asbestos gauze. Note the tempera¬ 
ture at which the solution boils. Stop heating flask 1 when 100- 
120 ml of liquid gather in receiver 3. Disconnect the receiver from 
the apparatus. Measure the density of the distilled liquid. Does it 
contain potassium chloride (copper sulphate)? 

Preparation of Hydrochloric Acid with an Azeotropic Composition 
(perform the experiment in a fume cupboard). Assemble an apparatus 
as shown in Fig. 20 with a few alterations. Take a conical or flat- 
bottomed flask without a stopper as the receiver. Fill the cooler 
with water. Feed the water upward through the cooler (why?). 
Prepare (draw out) 8-10 glass capillaries 10-12 mm long and seal them 
at one end. Measure the density of the initial hydrochloric acid 
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(about 15%) with a densimeter (in the presence of your instructor) and 
determine its concentration in per cent. 

Pour 250 ml of hydrochloric acid into a 0.5-litre round-bottomed 
flask. Submerge the prepared glass capillaries in the flask containing 
the acid with their open ends downward. Close the flask with a stop¬ 
per containing a dephlegmator and a thermometer. Heat the acid in 
the flask up to boiling. Cover the receiver with cotton wool or filter 
paper. Note the initial temperature at which the acid boils. How 
will the temperature at which the acid boils change as the liquid 
is distilled? 

When the boiling point of the liquid becomes constant, change 
the receiver and distil 100 ml of the liquid into the new receiver. 
Measure the density of the liquids in the receiver and in the Wurtz 
flask. What is the hydrogen chloride percentage in them? Define an 
azeotropic mixture. 


2.3 GASES 

Carbon Dioxide. Acquaint yourself with the design of a Kipp 
gas generator (Fig. 33) and charge it for the preparation of carbon 
dioxide. Remove stopper with cock 1 and charge middle sphere 2 up 

to one-third of its volume with 
crushed marble. Close the opening 
of middle reservoir 2 with a stopper 
containing a gas-discharge tube 
and open cock 1. Pour a 20% solu¬ 
tion of hydrochloric acid into the 
upper sphere of funnel 3 so that it 
fills the lower part of the Kipp gas 
generator and covers part of the 
marble in middle reservoir 2. After 
this close cock 1. What is observed? 
Write the equation of the chem¬ 
ical reaction occurring in the 
Kipp gas generator. What impuri¬ 
ties may the produced carbon di¬ 
oxide contain? 

Connect a wash bottle containing a large amount of distilled water 
to the Kipp gas generator and slowly pass carbon dioxide through 
it during 10-15 min. Analyse the contents of the wash bottle to see 
whether it contains hydrogen chloride. Remove the wash bottle. 
Connect a calcium chloride tube containing dehydrated copper sul¬ 
phate to the Kipp gas generator. Pass a stream of carbon dioxide 
through it. Watch what happens. How can pure dry carbon dioxide 
be obtained? 
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2.4 SEPARATION AND PURIFICATION 

OF INORGANIC COMPOUNDS 
BY ION-EXCHANGE CHROMATOGRAPHY 

Separating a Mixture of Cadmium and Copper Salts. Use a 50-mi 
burette as an ion-exchange column. At its lower end place a glass 
wool wad that will support a layer of resin (Ky-23 in the “hydrogen 
form”) 30 cm high (see that the resin is constantly under a layer of 
water, even when it is being transferred from its jar). Also see that 
the column contains no air bubbles disturbing the monolithic nature 
of the layer and thus hindering the efficient separation of the mix¬ 
ture. Connect a 0.5-litre separatory funnel to the top of the burette 
using a rubber tube and a stopper for this purpose. 

Prepare a mixture of 10 ml of a 0.5 M solution of cadmium nitrate 
and 10 ml of a 0.5 M solution of copper sulphate, dilute the mixture 
with water to 100 ml and thoroughly stir it. Transfer the mixture 
into the separatory funnel. 

Pass the solution through the column at a rate of 5 ml/min, and 
then wash the column with 50 ml of hot water to remove the mineral 
acid. Check the completeness of absorption of the copper and cadmi¬ 
um ions. For this purpose, pour 3-5 ml of the washing water into 
a test tube and add a solution of ammonium sulphide or hydrogen- 
sulphide water to it. The formation of a precipitate indicates incom¬ 
plete absorption, which occurs only if there is an error in performing 
the operations described above. In this case, the experiment has to 
be repeated. To do this, wash the column with a solution of hydro¬ 
chloric acid (1 : 3), next with water until the washing solution has 
a neutral reaction, and then pass the solution through the column 
again. 

To separate the cations, pass a solution of 5 ml of glycerin and 5 g 
of sodium hydroxide in 100 ml of water through the column at a rate 
of 5 ml/min. Gather the blue solution of copper glycerate at the out¬ 
let of the column. After the entire copper has been washed out of 
the column, rinse the resin with 50 ml of water, and then pass 
a 5 % solution of hydrochloric acid through the column to wash out 
the cadmium in the form of the chloride. Check for the presence of 
cadmium in the solution by adding hydrogen-sulphide water or an 
ammonium sulphide solution to it. 

Treat the copper glycerate and cadmium chloride solutions with 
a sodium sulphide solution up to the complete precipitation of the 
copper and cadmium sulphides. Filter the sulphide precipitates 
using a glass filter No. 4 and dry them at 100 °C. Weigh the dry 
substances and calculate their yield. 

Separating a Mixture of Zinc and Iron Salts. Fill a column (see 
the preceding experiment) with KY-2 resin in the “hydrogen form”. 
Prepare a mixture of 10 ml of a 0.25 M zinc chloride solution and 
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10 ml of a 0.5 M iron(III) chloride solution. Pass the solution through 
the column at a rate of 1 ml/min, and then wash the resin with 
20 ml of water. To extract the zinc cations, pass 250 ml of a 10% 
sodium hydroxide solution through the cation exchanger. Gather the 
sodium zincate solution flowing out from the column in a 300-ml 
flask. 

Check for the complete extraction of the zinc cations from the 
cation exchanger. For this end, put a drop of the solution flowing out 
on a watch glass, add two drops of a 4 M solution of hydrochloric 
acid and one drop of a potassium hexacyanoferrate(II) solution. 
If zinc ions are present, a white precipitate of zinc hexacyanofer- 
rate(II) forms. After extraction of the zinc, wash the resin with 20 ml 
of water. Dispose of the washing water. 

To extract the iron(III) ions, pass 20 ml of a hot 2 M hydrochlo¬ 
ric acid solution through the cation exchanger. Gather the solution 
flowing out from the column in a 250-ml flask. Use the reaction 
with potassium hexacyanoferrate(II) to check for the completeness 
of iron extraction. 

Evaporate the sodium zincate solution to a volume of about 
100 ml, and then add a sodium sulphide solution to it up to com¬ 
plete precipitation of the zinc sulphide. After settling, suck off the 
precipitate onto a glass filter and wash it with a small amount of 
water (10-15 ml). Dry the precipitate in a drying cabinet at 70-80 °C. 

Transfer the iron(III) chloride solution into a porcelain bowl 
and evaporate it until crystallization begins. Cool the bowl with 
the crystals to 0 °C. Separate the crystals from the mother liquor 
using a glass filter No. 3. Weigh the obtained substances and calcu¬ 
late their yield. 

2.5 SEPARATION AND PURIFICATION 

OF INORGANIC COMPOUNDS BY EXTRACTION 

Separating a Mixture of Iron and Aluminium Salts. (This exper¬ 
iment is a lire hazard! Perform all operations in a fume cupboard, in 
the presence of your instructor!) Before separating the mixture, pre¬ 
pare a 36% aqueous solution of hydrochloric acid and an ether 
solution of this acid. 

Assemble an apparatus for the preparation of hydrogen chloride 
(see Fig. 53, p. 91). Pass a stream of hydrogen chloride into a bottle 
containing concentrated hydrochloric acid cooled to 0 °C (constantly 
cool the bottle with ice) until the density of the acid becomes 
1.19 g/cm 3 . 

To prepare an etber solution of hydrochloric acid, pour 150-200 ml 
of ether into a conical flask and cool the latter in a bath with dry ice. 
Without stopping the cooling, pass hydrogen chloride into the ether 
.until there is no longer an odour of ether (about three hours). 
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Pour 25 ml each of 5% iron(III) chloride and aluminium chloride 
solutions into a 150-200-ml beaker. Add 25 ml of the 36% hydrochlo¬ 
ric acid solution. Pour the solution into a 250-ml separatory funnel, 
add 50 ml of the ether saturated with hydrogen chloride, tightly 
close the funnel with a stopper and turn it over, holding the stopper 
with one hand and the cock with the other. With the funnel in this 
position, open the cock for a short time to level out the excess pres¬ 
sure arising because of evaporation of the ether. Next transfer the 
funnel to a horizontal position providing the maximum interface of 
the ether and water layer, and, while holding the cock and the stop¬ 
per, shake the funnel, turning it upside down from time to time 
and opening the cock. Keep cooling the funnel with a stream of 
running water. After finishing the shaking, fasten the funnel in the 
clamp of a stand and let it stay there up to complete stratification 
of the liquid. Pour off the bottom layer into a flask. Pour the ether 
solution into a round-bottomed flask and close it with a glass stopper. 
Repeat the extraction from the aqueous layer, having added a new 
portion (50 ml) of ether saturated with hydrogen chloride. Combine 
the ether solutions obtained after the first and second extractions. 

Pass a stream of air through the aqueous solution to remove the 
ether. Pour the solution into a porcelain bowl and evaporate it 
until crystallization begins. Add 50 ml of water to the flask with the 
ether solution, attach a cooler to the flask (see Fig. 20), and distil off 
the ether, heating the flask with hot water. Pass air through 
the remaining aqueous solution. As in the first case, transfer the 
solution into a porcelain bowl and evaporate it at 92-95 °C until 
crystallization begins. Cool the bowls to 0 or at least 4 °C. Separate 
the crystals formed from the mother liquor using a glass filter No. 3. 



3.1 


DETERMINATION OF MOLECULAR 

AND ATOMIC MASSES 

AND OF CHEMICAL EQUIVALENTS 

MOLECULAR MASSES OF GASEOUS SUBSTANCES 


Determining the Molecular Mass of Oxygen. Assemble a setup for 
determining the molecular mass of oxygen (Fig. 34) and check its 
tightness by parts. 

Checking the Clamp. Fill the siphon with water. It must contain no 
air bubbles. To do this, take the test tube off stopper 1, open clamp 3, 
blow air through the tube with stopper 1, and close the clamp again. 
See if any water flows out of the siphon tube. 

Checking the Test Tube and the Setup as a Whole. Connect the test 
tube to the setup, lower the end of the tubing into the beaker with 
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water, open the clamp, turn the flask so that you can lower the bea¬ 
ker with water and thus free the end of the tubing. If the setup is 
tight, only a few drops of water may appear. Why? 

Lower the end of the tubing into the beaker with water, close the 
clamp, and return the setup to its previous position. Fill flask 2 
with water up to its neck (the volume of the flask should be one litre). 
Pour about 2 g of potassium chlorate into the refractory test tube of 
the setup so that no crystals remain in the upper part of the tube. 

Determine the mass of the test 
tube with the potassium chlorate 
approximately on a technical chem¬ 
ical balance, and then weigh it 
on an analytical balance with an 
accuracy up to 0.01 g. Carefully 
connect the test tube to the setup. 
Check the tightness of the latter 
again. 

Adjust the pressure in the flask 
to atmospheric. To do this, pour 
an amount of water into the bea¬ 
ker such that the surface of the 
water in both vessels will be at the same level when the clamp is 
open. Close the clamp and pour the water out of the beaker. Measure 
exactly 50 or 100 ml of water with a cylinder and pour it into the 
beaker, keeping the tip of the siphon submerged in the water. Open 
the clamp and without extracting the end of the tubing from the 
water, move the clamp onto stopper 4 to get it out of your way. 
(Do this in the presence of your instructor.) 

First carefully heat the test tube using a small burner flame. 
Perform further heating so that the decomposition reaction is not too 
vigorous. Stop heating the test tube when 500-600 ml of water have 
passed into the beaker. 

Let the setup cool to room temperature. Bring the pressure in it 
to atmospheric by lifting or lowering the beaker with water or the 
flask. Close the clamp. Measure the volume of the water in the beaker 
by pouring it into a measuring cylinder. Weigh the test tube on the 
analytical balance with the same accuracy as before. 

Repeat the experiment (any quantitative determination must be 
repeated at least twice until similar results are obtained) as indicat¬ 
ed above. Enter the results of your observations and calculations 
in your laboratory notebook, using Form 1. 

Determining the Molecular Mass of Carbon Dioxide. Carbon dioxide 
can be prepared in a Kipp gas generator or taken from a cylinder in 
which it is stored under pressure. To determine the molecular mass 
of carbon dioxide, take a dry flat-bottomed 500-ml flask with a tight¬ 
ly fitting rubber stopper. Use a rubber band or a pencil for writing 



Fig. 34. A setup for determining 
the molecular mass of oxygen 
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Form 1. DETERMINATION OF MOLECULAR MASS OF OXYGEN 


Experiment No. 


Mass of test tube with substance before heating, g 

Ditto, after heating, g 

Mass of evolved oxygen, g 

Atmospheric pressure (on barometer), mmHg 

Room temperature, °C 

Water vapour pressure, mmHg 

True pressure of oxygen in flask, mmHg 

Volume of water in beaker before experiment, ml 

Ditto, after experiment, ml 

Volume of evolved oxygen under conditions of experi¬ 
ment, ml 

Ditto, at standard temperature and pressure, ml 
Molecular mass of oxygen (calculate using the Mendeleev- 
Clapeyron equation and proceeding from the density of 
oxygen relative to air) 

Magnitude of error in determining molecular mass, % 


on glass to make a mark on the neck of the flask where the end of 
the stopper is. Weigh the flask with the stopper with an accuracy 
up to 0.01 g. 

When filling the flask with carbon dioxide, lower the gas discharge 
tube of the Kipp gas generator or of the cylinder with carbon di¬ 
oxide to the bottom of the flask. When the flask is filled with the 
carbon dioxide (how can this be determined?), slowly (why?) extract 
the gas discharge tube, close the flask opening with the stopper and 

Form. 2. DETERMINATION OF MOLECULAR MASS OF CARBON DIOXIDE 

I Experiment No. 


Mass of flask with carbon dioxide, g 
Ditto, with air, g 

Atmospheric pressure (on barometer), mmHg 
Temperature, °C 

Volume of air in flask under conditions of experiment, ml 
Ditto, at standard temperature and pressure, ml 
Mass of air in flask volume, g 
Mass of empty flask, g 
Mass of carbon dioxide in flask volume, g 
Mass of one litre of carbon dioxide, g (from data of ex¬ 
periment) 

Density of carbon dioxide relative to hydrogen 

Molecular mass of carbon dioxide 

Magnitude of error in determining molecular mass, % 
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weigh it. Fill the flask with the carbon dioxide several times until 
a constant mass is obtained. Determine the volume of the flask by 
filling it with water up to the mark showing where the stopper ends 
and measuring the volume of the water. Record the temperature 
and pressure. Calculate the molecular mass of carbon dioxide. Enter 
your results in your laboratory notebook, using Form 2. 


3.2 DETERMINATION OF MOLECULAR MASSES 

OF VOLATILE LIQUIDS 
FROM THEIR VAPOUR DENSITY 

Determining the Molecular Mass of Ethyl Ether by Meyer’s Method. 
(Ethanol can be used instead of ethyl ether.) To determine the vapour 
density of volatile liquids, a device is used (Fig. 35) consisting of 
glass vessel 1 whose bottom part is a cylinder with a volume of about 
100 ml, while its upper part is a long narrow tube with two off¬ 
takes 2 and 4. A glass rod reaching the opposite wall of the tube is 

inserted into offtake 2 via a rubber 
collar. The rod should be easily 
pulled back from the tube wall. 
Offtake 4 is connected to a long 
bent tube whose end is submerged 
in a bath with water. Eudiometer 
6 filled with water and secured in 
the clamp of a stand (not shown in 
the figure) is submerged in the 
same bath. Vessel 1 is secured in 
a cork stopper in outer vessel 5 used 
for heating. 

First of all, thoroughly dry ves¬ 
sel 1 with hot air. Pour 50-100 ml 
of water (if the boiling point of the 
liquid being studied is below that 
of water) into vessel 5. 

Next prepare ampoules. For this 
purpose, draw out a thin-walled 
glass tube 1- 2 mm in diameter at 
both ends into capillaries 5-6 cm 
long. The volume of an ampoule 
must not exceed 0.1-0.15 ml. 
Determine the mass of an empty ampoule on an analytical balance. 
Slightly heat the wide part of the ampoule on a burner flame and 
immerse its tip into ether. When the ampoule is filled with ether, 
rapidly seal the capillaries at the tube ends on the small flame of 



Fig. 35. A device for determining 
the vapour density of volatile 
liquids by Meyer’s method 
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a burner. (Seal an ampoule in the presence of your instructor, and wear 
eye protection!) 

Weigh the ampoule with the substance being tested. Open stop¬ 
per 3 of the device and put the ampoule into the cylindrical vessel 
on the rod inserted into offtake 2. 

Heat the water in outer vessel 5 up to boiling. When the tempera¬ 
ture of the air in vessel 1 reaches that of the boiling water (how can 
you determine this?), place the end 
of the gas discharge tube under 
the opening of eudiometer 6, close 
stopper 3, and, pulling back the 
glass rod in offtake 2, drop the am¬ 
poule onto the bottom of the ves¬ 
sel, where it will break. When the 
evolution of bubbles stops, remove 
the gas discharge tube from the 
water and extinguish the burner. 

Bring the pressure of the air in the 
eudiometer to atmospheric. How 
can this be done? Calculate the 
molecular mass of the liquid being 
tested and enter the results in 
your laboratory notebook, using 
Form 3 for this purpose. 

Determining the Molecular Mass 
of Carbon Tetrachloride by Du¬ 
mas’s Method. Assemble the setup 
shown in Fig. 36. Bend a glass 
tube at an angle of 120° and draw out one end of it into a capillary. 
Insert the tube into the stopper closing the neck of a 100-ml bottle. 
Mark the neck of the bottle where the end of the stopper is. Weigh 
the bottle together with the rubber stopper and tube with an accu¬ 
racy up to 0.01 g, measure 2-3 ml of carbon tetrachloride (acetone 
or ethanol can also be used) and transfer it into the bottle. Immerse 
the bottle up to its neck into a beaker with water having a copper 
gauze on its bottom. Heat the water in the beaker up to boiling 
and continue to heat it until all the liquid in the bottle has evaporat¬ 
ed (about 10 min). Without removing the bottle from the beaker, 
seal the tip of the tube on the sharp flame of the burner. Record the 
room temperature, atmospheric pressure, and the boiling point of 
the water. Remove the bottle from the beaker, wipe it, and let it 
cool. Weigh the bottle with its contents and, submerging the bottle 
in water, remove the stopper under water. What happens? 

Extract the bottle filled with water and close it with the stopper 
containing the tube also filled with water. Thoroughly wipe the- 
entire setup and weigh it. Determine the mass of the water filling the 



Fig. 36. A setup for determining 
the vapour density of volatile 
liquids by Dumas’s method 
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setup without taking into account the mass of the air in the volume 
of the setup. Enter the results in your laboratory notebook, using 
Form 4. 

Form, 3. DETERMINATION OF MOLECULAR MASS OF A VOLATILE 

LIQUID BY MEYER’S METHOD 

I Experiment No. 


Mass of ampoule, g 
Ditto, with liquid being tested, g 
Mass of liquid being tested, g 
Volume of displaced air, litre 
Atmospheric pressure, mmHg 
Temperature, °C 

Pressure of water vapour, mmHg 

Volume of vapour of liquid being tested at standard tem¬ 
perature and pressure, litre 
Molecular mass of liquid being tested 
Magnitude of error in determining molecular mass, % 


Form 4. DETERMINATION OF MOLECULAR MASS OF A VOLATILE 

LIQUID BY DUMAS’S METHOD 

I Experiment No. 


Mass of bottle with stopper, tube, and air, g 
Ditto, with stopper, tube, and condensate, g 
Ditto, with stopper, tube, and water, g 

Volume of bottle with tube at room temperature and 
atmospheric pressure, litre 
Temperature, °C 
Atmospheric pressure, mmHg 

Volume of air (liquid vapour) at standard temperature 
and pressure, litre 
Mass of air in volume of bottle, g 
Mass of empty bottle, g 
Mass of liquid vapour, g 
Vapour density relative to hydrogen 
Molecular mass of liquid 


3.3 DETERMINATION OF CHEMICAL EQUIVALENTS 

AND ATOMIC MASSES OF METALS 

Determining the Equivalent of Magnesium. Assemble an appara¬ 
tus as shown in Fig. 37. Take a flat-bottomed flask with a volume of 
■one litre. Check the tightness of the apparatus. Weigh not over 
0.5 g of a magnesium ribbon on an analytical balance with an accu- 
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racy up to 0.01 g. Calculate the volume of a 10% sulphuric acid 
solution that is needed to dissolve the taken amount of magnesium. 
Measure the required volume of the acid and add an excess of it in 
an amount of 100% by volume. Carefully pour the acid into a Wurtz 
flask without wetting the walls of its neck. Secure the flask in an 
inclined position in the clamp of the stand. 

Place the weighed amount of the metal into the neck of the flask. 
Close the flask opening tightly with its stopper. Adjust the pressure 



Fig. 37. An apparatus for determining the equivalents of metals 


in the apparatus to atmospheric (see p. 54). Measure exactly 50 or 
100 ml of water with a measuring glass and pour it into the beaker 
(the tip of the siphon must be submerged in the water). Open the 
clamp and/nove it along the connecting tube onto the stopper of the 
flask with water to get it out of your way. (Do this in the presence of 
your instructor). Turn the Wurtz flask to its vertical working posi¬ 
tion so that the metal drops into the acid. The flask gets heated 
as a result of the reaction. 

After the apparatus has again reached room temperature, bring 
the pressure in it to atmospheric. Measure the volume of the water 
displaced from the apparatus by the evolved hydrogen. Write the 
equation of the chemical reaction. Calculate the equivalent of the 
metal taken. Compare the value of the found equivalent of magne¬ 
sium with its true value, and enter the results in your laboratory 
notebook, using Form 5. 

Determining the Equivalent of Zinc. (Determine the equivalent 
of zinc as in the preceding experiment.) Weigh about 1.3 g of granu¬ 
lated zinc on an analytical balance with an accuracy up to 0.01 g. 
Calculate the amount (by volume) of a 20% sulphuric acid solution 
that is needed for dissolving the zinc. Measure the calculated amount 
of acid with a measuring glass and add an excess of 100%. To acce- 
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Form 5. 


DETERMINATION OF THE EQUIVALENT OF A METAL 
(MAGNESIUM) 


Experiment No. 


Item 


1 2 


Mass of metal (magnesium), g 
Atmospheric pressure, mmHg 
Temperature, °C 

Water vapour pressure, mmHg * 

Volume of water in beaker before experiment, litre 
Ditto, after experiment, litre 

Volume of hydrogen under conditions of experiment, litre 
Ditto, at standard temperature and pressure, litre 
Equivalent of metal, g 

Magnitude of error in determining the equivalent, % 


* For the water vapour pressure, see Appendix i, Table 13. 


lerate the dissolution of the zinc, introduce a small piece of copper 
wire or pour one or two drops of a copper sulphate solution into 
the flask (for what purpose?). 

Calculate the equivalent of zinc. Determine the magnitude of the 
error in computing it in per cent. Enter the results of your calculations 
and observations into your laboratory notebook as in the preced¬ 
ing experiment, using Form 5. Proceeding from the known valence 
of magnesium and zinc and your results, calculate the atomic 
masses of these elements. Compare the values obtained with tabu¬ 
lated data. 


DETERMINATION OF THE ATOMIC MASS OF LEAD 

(This experiment is performed by two students) 

1. Determining the Approximate Value of the Atomic Mass of 
Lead from Its Specific Heat Capacity. To determine the specific 
heat capacity of a metal, use a calorimeter and a device for heating 
the metal. A very simple calorimeter can be made from several 
beakers inserted one into another (Fig. 38). The inner beaker should 
have a volume of 100 ml, the middle one—300-400 ml, and the 
outer one—500 ml. Water is poured into the small beaker, while the 
others are needed to produce an air thermal-insulating layer. 

A device for heating a metal also consists of three beakers of 
different volumes inserted one into another so that the bottom of 
one beaker does not contact that of its neighbour. Unlike a calori¬ 
meter, water is poured into all three beakers. 

Pour 50 ml of water into the small beaker of the heating device 
and an amount of it into the other two beakers such that the level 
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of the water in an outer beaker will be higher than in its inner neigh¬ 
bour. Take a piece of lead with a mass of 110-150 g and clean its 
surface with emery paper. Weigh the metal with an accuracy up to 
0.1 g. Fasten the metal with a strong 
thread on a glass rod and immerse 
it in a beaker with water so 
that the metal touches neither the 
bottom nor the walls of the bea¬ 
ker. Put the heating device on a tri¬ 
pod with a gauze. Heat the water 
up to boiling with a gas burner. 

Keep the metal in the boiling wa¬ 
ter for 10-15 min (why?). 

Weigh the small beaker of the Fig. 38 . a device for determining 
calorimeter and pour exactly 50 ml the atomic mass of a metal from 
of water into it. Measure and record its specific heat capacity 
the temperature of the boiling 

water in the heating device; this will be the temperature of the 
metal. Use another thermometer to measure the temperature of the 
water in the calorimeter. 

Place the calorimeter next to the heating device and transfer the 
heated metal into the calorimeter beaker as rapidly as possible. 
Move the heating device away from the calorimeter and immediately 
begin to observe the change in the temperature while continuously 
stirring the water. Measure the temperature of the water every 
10 seconds until it reaches a maximum and then begins to drop. 
Repeat the experiment, pouring 45 ml of water into the calorimeter. 
Enter the obtained results in your laboratory notebook, using 
Form 6. 

Form 6. DETERMINATION OF THE ATOMIC MASS OF LEAD FROM ITS 

SPECIFIC HEAT CAPACITY 




Experiment No. 


Mass of metal, g 
Temperature of metal, °C 
Volume of water in calorimeter, litre 
Initial temperature in calorimeter, °C 
Maximum temperature of water in calorimeter, °C 
Increase in temperature of water in calorimeter, K 
Decrease in temperature of metal, K 
Specific heat capacity of water, cal/g • K 
Ditto, of glass (from tabulated data), cal/g • K 
Amount of heat absorbed by glass of beaker and thermo¬ 
meter, cal 

Specific heat capacity of metal, cal/g • K 
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To determine the amount of heat absorbed by the glass of the 
calorimeter beaker, mark the level of the water in the beaker when 
running the experiment. Use the data obtained to approximately 
determine the mass of the glass heated by the water. Consider that 
the mass of the thermometer glass immersed in the liquid is about 
2 g. Use the found specific heat capacity to calculate the atomic mass 
of lead by the Dulong and Petit law. 

2. Determining the Equivalent of Lead. Roast a clean porcelain 
bowl in a muffle furnace at 400-450 °C, and after cooling it in a des¬ 
iccator, weigh it with an accuracy up to 0.01 g. Put about 0.5 g of 
granulated lead in the bowl and weigh it with the same accuracy. 
Pour 10 ml of a 40% nitric acid solution onto the metal, cover 
the bowl with a watch glass, and place it in a water bath. See what 
happens. Write the equation of the reaction. 

When all the metal dissolves, carefully remove the watch glass, 
hold it above the porcelain bowl, wash off it the drops of the solu¬ 
tion that might have gotten onto it when the metal was dissolved. 
Use a stream of water from a wash bottle for this purpose. Add 5 ml 
of concentrated hydrochloric acid to the bowl. What substance 
will precipitate? 

Put the bowl with the solution and the precipitate in the water 
bath again, place a glass triangle on the bowl, and a watch glass 
on the triangle. Heat the bowl until a dry precipitate remains on its 
bottom. Carefully wash the watch glass and glass triangle with 
water from a wash bottle so that the washing water will be gathered 
in the bowl. Again add 3 ml of concentrated hydrochloric acid and 
evaporate the contents of the bowl until it is dry. 

Transfer the bowl into a muffle furnace and roast the precipitate 
at 400-450 °C during one hour. Cool the bowl with the substance to 
room temperature in a desiccator and weigh it. Use the found value 
of the equivalent and the approximate value of the atomic mass of 
lead to determine its valence. Calculate a more accurate value of the 
atomic mass of lead from the obtained data, compare your result 
with the value of the atomic mass of this element given in Mendele¬ 
ev’s periodic table, and establish the magnitude of the error in 
per cent. 


OXYGEN 

Indicate the position of oxygen in Mendeleev’s periodic table of the 
elements, the size of its atom, the electron configurations of the 
atom and molecule, and its oxidation states. How can the parama¬ 
gnetic properties of liquid oxygen be explained? 
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4.1 PREPARATION 

Work with a Gas Meter. Glass or metallic gas meters are used for 
gathering and storing gases. Gases moderately soluble in water, 
including oxygen, are gathered and stored in such meters over water. 

A glass gas meter (Fig. 39a) consists of two parts, namely, fun¬ 
nel 1 provided with cock 2, and thick-walled bottle 3 with opening 4 




Fig. 39. Gas meters 

for discharging the gas and opening 5 at the bottom for draining 
off the water. 

Filling the Gas Meter with Water. Remove funnel 1 and fill bottle 3 
■with water. Invert funnel i, close cock 2, fill the funnel tube with 
water, return the funnel to its initial position while closing the 
opening of its stem with your thumb. Rapidly submerge the funnel 
into bottle 3 filled up to its top with water. If air bubbles remain in 
the gas meter, remove them through cock 2 using a metal wire or by 
slightly rocking the gas meter. 

Put the gas meter filled with water on the edge of a table near 
a sink. After closing all the cocks of the gas meter, open its bottom 
opening 5. Does water flow out of the meter? (A metallic gas meter 
is shown in Fig. 39 h). 

Filling the Gas Meter with Oxygen. Measure the volume of the 
meter. Write the equation of potassium permanganate decomposition. 
Calculate how many grammes of the salt have to be taken for the 
evolved oxygen to fill the gas meter up to two-thirds of its volume. 

Weigh the required amount of potassium permanganate, transfer 
it into a glass retort provided with a rubber tube, and secure the 
retort in a stand. 

Heat the retort with the potassium permanganate. When the air 
is displaced from the retort and the gas discharge tube, introduce 
the latter into the bottom opening of the gas meter for draining off 
the water. The water should flow into the sink. Fill the gas meter 
with oxygen (up to two-thirds of its volume), extract the gas discharge 
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tube, and close the bottom opening with a stopper. See that fun¬ 
nel 1 is filled with water. After the gas in the gas meter cools to room 
temperature, open cock 2 for a short time (for what purpose?). 

The gas meter can also be filled with oxygen from a cylinder. 
Under what conditions is oxygen produced from barium peroxide 
and potassium chlorate? Write the equations of the reactions. 

Obtaining a Stream of Oxygen from the Gas Meter. To fill a vessel 
with oxygen, pour water into it up to its rim, cover it with a glass 
plate coated with a thin layer of vaseline, invert it, and submerge 
the vessel in a bath with water. Remove the plate. Lower the gas 
discharge tube from the gas meter into the bath, open cocks 2 and 4, 
and regulate the rate of oxygen supply. It should be such that the 
gas bubbles can easily be counted. Put the gas discharge tube under 
the opening of the vessel filled with water. When the vessel will be 
almost filled with oxygen, close it under the water with the gla; r 
plate and remove it from the water. 

Why must a small amount of water be left in the vessel? What im¬ 
purities does the gathered oxygen contain? Under what pressure is 
the gas in the gas meter? 

4.2 PROPERTIES 

1. Put a piece of sulphur the size of a pea into a spoon for burn¬ 
ing, and ignite it in the flame of a burner (in a fume cupboard!). Note 
the colour and size of the flame of the burning sulphur. Introduce the 
burning sulphur into a jar with oxygen. What changes are observed 
in the burning of the sulphur? 

2. Put a small piece of charcoal into a spoon for burning, heat it, 
and introduce it into a jar with oxygen. How will the intensity of 
burning of the charcoal change in the oxygen? 

3. Fasten a steel wire coil to the end of a spoon for burning. 
Attach a piece of cork to the coil. Ignite the cork and rapidly intro¬ 
duce the coil with the cork into a jar with oxygen. What happens? 
Write the equation of the reaction in the molecular and electron 
forms. What conclusion on the properties of oxygen can be made on 
the basis of the above experiments? How does the replacement of air 
with oxygen change the intensity of burning of substances? How can 
this be explained? Why does oxygen have low melting and boiling 
points? What is the structure of an ozone molecule? 

SUPPLEMENTARY EXPERIMENTS 

OZONE 

The Formation of Ozone in a Spark Discharge. Assemble an appa¬ 
ratus as shown in Fig. 40. Take a eudiometric tube with two plati¬ 
num electrodes, fill it with water, and immerse it into a small cry- 
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stallizer filled with water. Introduce 5 ml of oxygen into the eudio- 
metric tube. Connect the apparatus to a current source via a trans¬ 
former and pass strong spark discharges through the tube. How 
will the volume of the gas in the 
eudiometric tube change? 

Preparation of Ozone in a Si¬ 
lent Electric Discharge. Assemble 
an apparatus as shown in Fig. 41. 

Pour concentrated sulphuric acid 
into the wash bottle, and distilled 
water into the cylinder. Switch 
on the induction coil, open the gas 
meter cocks, and pass a stream 
of oxygen through the ozonizer. 

What do you observe? Write the 
equation of the reaction of ozone 
formation. 

Properties of Ozone. 1. Dissolve Fig, 40. An apparatus for produc- 
ozone in water. Does the solution in 8 ozone in a spark discharge 
have an odour? 

2. Add two or three drops of a starch paste and the same volume 
of a potassium iodide solution to the obtained aqueous ozone solu¬ 
tion. What is observed? Write the equation of the reaction. 




Fig, 41. An apparatus for producing ozone in a silent electric discharge 
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3. Pour an indigo solution into a beaker, lower the end of an 
ozonizer gas discharge tube into it, and pass a weak stream of oxygen 
through the ozonizer. What happens? What properties does ozone 
have? What is the structure of an ozone molecule? 


HYDROGEN 

Indicate the position of hydrogen in Mendeleev’s periodic table of 
the elements, the structure and size of its atom, and its oxidation 
states. Write the electron configuration of a hydrogen molecule. What 
hydrogen isotopes are known? 

Work with hydrogen requires great care! Hydrogen is flammable and 
when mixed with oxygen or air forms an explosive mixture. Perform all 
experiments in an atmosphere of hydrogen only in the presence of your 
instructor! Wear eye protection or a mask. 

If hydrogen is to be heated in an apparatus or lit at its outlet, dis¬ 
place all the air from the apparatus prior to the experiment, next 
check the purity of the hydrogen (in the presence of your instructor!). 
To do this, prepare two test tubes. Fit a dry test tube onto the gas 
discharge tube, in 5-10 s slowly remove it while closing the test tube 
mouth with your thumb, and put the second test tube onto the gas 
discharge tube. Bring the inverted test tube filled with hydrogen up 
to the flame of a burner. Remove your thumb and light the hydrogen. 
By changing the test tube, check the purity of the evolved hydrogen 
until the gathered gas will light almost without a sound. 

Only after being convinced in the purity of the evolving hydrogen 
may you ignite it with a burning Splinter at the outlet of the apparatus 
from which it is evolving or begin to heat the apparatus (in the presence 
of your instructor!). 

When conducting reactions in a hydrogen atmosphere in an appa¬ 
ratus being heated, stop the supply of the hydrogen only when the 
reaction part of the apparatus that was heated acquires a tempera¬ 
ture close to the room one. 

5.1 PREPARATION 

Action of an Acid on a Metal. Assemble the setup shown in Fig. 42. 
Put 8-10 pieces of granulated zinc in the test tube, pour in 5 ml of 
a 20% sulphuric acid solution and close the tube with a stopper 
provided with a gas-discharge tube with its end drawn out upward. 
Check the purity of the hydrogen evolving. 

After checking the purity of the evolving hydrogen (in the presence 
of your instructor !), ignite it with a burning splinter at the opening of 
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the gas-discharge tube. Put a cold inverted glass funnel over the 
hydrogen flame. What is observed? Write the molecular and elec¬ 
tron equations of the reaction. 

Action of an Alkali on Aluminium and Silicon. (Perform the 
experiment in a fume cupboard, wear eye protection!) 

1. Put several pieces of aluminium into a test tube, and pour in 
2-3 ml of a 20% sodium hydroxide solution. If the reaction proceeds 
slowly, heat the tube carefully. Determine what gas is evolved. 

Write the molecular and electron equations of the reaction. 

2. Put 0.2-0.3 g of amorphous silicon into a test tube and pour in 
2-3 ml of a 20% sodium hydroxide solution. Does the reaction pro¬ 
ceed in the cold? Gather the evolving gas and test it by bringing an 


A 



Fig. 42. A setup for pro- Fig. 43. A setup for producing hydrogen by the 
ducing hydrogen iron-steam method 


ignited splinter up to the mouth of the tube. Write the molecular 
and electron equations of the reaction. 

Reaction of a Metal with Water. 1. Fill a test tube with water 
up to its edges. Close its mouth with your thumb, invert it in a bath 
with water and fasten it in this position in the clamp of a stand. 
Wrap up several pieces of metallic calcium in cheese-cloth and rapid¬ 
ly place the metal under the tube with pincers. Determine what gas 
is evolved. Write the molecular and electron equations of the reaction. 

2. Assemble the setup shown in Fig. 43 (the experiment is per¬ 
formed by two students). Pour a small amount of moist river sand 
onto the bottom of a dry refractory test tube, seeing that the tube 
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walls remain dry. Fasten the tube in the stand so that its bottom 
is slightly lower than its mouth. Make a narrow strip of paper into 
a groove and use it to pour a powder of reduced iron into the middle 
part of the tube. Close the test tube with a stopper accommodating 
a gas-discharge tube. Strongly heat the test tube with the flame of 
a gas burner where the iron is. Carefully heat the moist sand with 
the flame of a second burner. Gather the evolving gas over water 
and test its flammability. Write the molecular and electron equations 
of the reactions. 

5.2 PROPERTIES 

Preparation of Detonating Gas. ( Perform the experiment in the 
presence of your instructor!) Measure the volume of a test tube and 
mark one-third of its volume with a rubber band. Pour water into 
the tube and transfer it into a bath with water. Fill one-third of the 



Fig. 44. An apparatus for studying the reduction properties of hydrogen 


tube with oxygen from a gas meter and two-thirds with hydrogen 
from a Kipp gas generator. 

Close the test tube under the water with your thumb, extract it 
from the bath, wrap it in a towel, bring it up to the flame of a bur¬ 
ner and, after opening the test tube, light the gas mixture. What 
happens? 

Reduction of a Metal Oxide ( wear eye protection]). Assemble the 
apparatus shown in Fig. 44 and check its tightness. Put 40-50 pieces 
of granulated zinc into a 250-ml flask. Pour anhydrous calcium chlo¬ 
ride into U-shaped tube. Put 0.3 g of copper oxide into the wide part 
of a refractory tube, and a piece of copper gauze or foil (why?) into 
the gas-discharge tube out of which hydrogen will flow. Pour 100- 
150 ml of a 20% sulphuric acid solution into the flask. Again check 
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the tightness of the apparatus (how can this be done?) Check the 
purity of the evolving hydrogen (in the presence of your instructor!). 
Having convinced yourself that the hydrogen is pure, light the hydrogen 
at the outlet opening of the apparatus with a match. Carefully heat 
the reaction tube along its entire length and then strongly heat the 
part of the tube where the copper oxide is. See that the flame of the 
burning hydrogen does not diminish. If the flame extinguishes, stop 
heating (in the presence of your instructor!). 

When reduction is completed (how can this be established?), stop 
the heating and cool the apparatus to room temperature in a hydro¬ 
gen stream (why?). Hand in the reduced copper to your instructor. 
Wash the unreacted zinc with water and hand it in to the laboratory 
assistant. 

5.3 HYDROGEN PEROXIDE 

Preparation. Pour 20 ml of a 5% sulphuric acid solution into 
a 50-ml flask and cool it to 0 °C. While shaking the contents of the 
flask during 5-10 min, add about 1 g of barium peroxide in small 
portions. Filter the obtained hydrogen peroxide solution from the 
precipitate. Study the properties of hydrogen peroxide. 

Properties. 1. Introduce manganese(IV) oxide into a test tube 
containing a hydrogen peroxide solution. What gas is evolved? 
What role is played by the manganese(IV) oxide? Write the equation 
of the reaction. 

2. Pour several drops of a potassium iodide solution into a hydro¬ 
gen peroxide solution. What is observed? Dilute the solution with 
water and add one or two drops of a starch solution to it. What hap¬ 
pens? Write the molecular and electron equations of the reaction. 

3. Prepare a lead sulphide precipitate by reacting solutions of 
a lead salt and ammonium sulphide. Treat a small amount of the 
precipitate, washed with water by decantation, with a hydrogen 
peroxide solution. Why does the colour of the precipitate change? 
Write the equations of the reactions. What properties does hydrogen 
peroxide exhibit in this and the preceding reactions? 

4. Add a hydrogen peroxide solution to a potassium permanga¬ 
nate solution acidified with sulphuric acid. Comment on your observa¬ 
tions. Write the molecular and electron equations of the reaction. 
What properties of hydrogen peroxide does this reaction indicate? 
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W RATE OF CHEMICAL REACTIONS 

6.1 RATE OF HOMOGENEOUS REACTIONS 

What factors determine the rate of a chemical reaction? Give 
examples of reactions proceeding at various rates. 

EFFECT OF REACTANT CONCENTRATION 
ON REACTION RATE 

Reaction of Sodium Thiosulphate with Sulphuric Acid. Pour 10 ml 
of a 2.5% sulphuric acid solution into each of four small beakers, 
and a 5% sodium thiosulphate solution and water into four other 
beakers in the following proportions: 

Reaker No 12 3 4 

Sodium thiosulphate, ml 10 20 30 40 
Water, ml 30 20 10 0 

Measure the volumes of the solutions as accurately as possible and 
pour them together in pairs. Use a stop watch or a metronome to 
note the time interval after which turbidity appears. What is the 
turbidity of the solution caused by? Write the equations of the 
reactions. Enter the results in your laboratory notebook using 
Form 7. 


Form 7. REACTION OF SODIUM THIOSULPHATE WITH SULPHURIC ACID 


Experiment 

No. 

Volume of solution, ml | 

Volume of 
water, ml 

Total 

volume, ml 

Time, s 

Sulphuric 

acid 

Sodium 

thiosulphate 




j 




The concentration of which substance and how many times changes 
from one experiment to another? What conclusion should be made 
from the data of the experiments? How does the reaction rate depend 
on the reactant concentration? 

Reaction of Potassium Iodate with Sodium Sulphite in a Sulphate 
Medium. Pour 20^ml of a sodium sulphite solution acidified with 
sulphuric acid and containing a small amount of starch into a 
100-ml beaker. Pour 20 ml of a potassium iodate solution into 
a second 100-ml beaker. The potassium iodate solution must contain 
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3.9 g of the salt per litre of solution, and the sodium sulphite solu¬ 
tion must contain 1 g of the salt, 0.95 ml of sulphuric acid (a 96% sol¬ 
ution), and 0.1 g of starch per litre of solution. Rapidly pour the 
second solution into the first one. Note the time of pouring the solu¬ 
tions together and the instant when a colour appears. Write the equa¬ 
tion of the reaction. 

Repeat the experiment, halving the concentration of the second 
solution (take 10 ml of the initial solution and 10 ml of water). 
Enter the results in your laboratory notebook, using Form 8. 


Form, 8. REACTION OF POTASSIUM IODATE WITH SODIUM SULPHITE 


Experiment No. 

Volume of solution, ml 

Total volume, j 

Time, s 

potassium iodate 

sodium sulphite | 

ml 







How does the change in the reactant concentration affect the 
rate of the chemical reactions? 

EFFECT OF CATALYST ON REACTION RATE 

Decomposition of Hydrogen Peroxide in the Presence of Potassium 
Dichromate (the experiment is performed by two students). Assemble 
the apparatus shown in Fig. 45. Fill the burette with water up to its 
zero graduation. Close the burette opening with your thumb, invert 
the burette, and immerse it in a bath with water. Fasten the burette 
in the stand and note the level of the water in it. Maintain a con¬ 
stant temperature of the water in the bath (25 °C), for which purpose 
add hot water to it from time to time. 

Measure 30 ml of a 0.2% potassium dichromate solution with 
a measuring glass and pour it into a reaction flask. Pour 20-25 ml of 
a 0.2% hydrogen peroxide solution into another flask. Put both 
flasks into the bath of the apparatus and keep them there during 

Form 9. DECOMPOSITION OF HYDROGEN PEROXIDE IN THE PRESENCE 

OF POTASSIUM DICHROMATE 


Experiment No. 


Time, s 


Reading of burette, 
ml 


Volume of oxygen evolved 
during 30 s, ml 
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15-20 min to let the solutions acquire the temperature of the bath. 
Take 5 ml of the hydrogen peroxide solution with a pipette and pour 
it into the reaction flask containing the potassium dichromate. 
What do you observe? 

Close the flask with a stopper provided with a gas-discharge tube, 
bring the latter under the burette, and while continuously and 

uniformly shaking the flask (with¬ 
out extracting it from the bath), 
note the volume of the evolved oxy¬ 
gen every 30 s. Note the colour of 
the solution when the process ter¬ 
minates. Perform at least 15-20 mea¬ 
surements. Enter the results in 
your laboratory notebook using 
Form 9. 

While uniformly shaking the re¬ 
action flask, the first student takes 
the readings of the burette accord¬ 
ing to signals of the second stu¬ 
dent—“Attention! Reading!”. The 
second student watches the time 
and enters the readings in Form 9. 
The fourth column can be filled in 
after completing the experiment. 
Use the data obtained to plot a 
Fig. 45. An apparatus for study- curve of the volume of oxygen 
ing the decomposition of hydro- evolved every 30 seconds versus 
gen peroxide in the presence of the time. 

potassium dichromate Run a similar experiment with 

5 ml of hydrogen peroxide without 
the potassium dichromate solution, using the same volume of water 
instead of it. Compare the results of the experiments. What is the 
role of potassium dichromate? What are such substances called? 


EFFECT OF TEMPERATURE ON REACTION RATE 

Pour 10 ml of a 2.5% sulphuric acid solution into each of three 
dry beakers, and 10 ml of a 5% sodium thiosulphate solution into 
each of three other beakers. Measure the volumes as accurately as 
possible, using small measuring cylinders or burettes. Run the first 
experiment at room temperature. Rapidly pour the sulphuric acid 
solution into the sodium thiosulphate one. Record the time of pour¬ 
ing the solutions together with the aid of a stop watch or a metro¬ 
nome. Consider the instant when a[hardly noticeable turbidity appears 
at the end of the reaction. 
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Run a second experiment like the first one, but at a temperature- 
10 °C higher than room temperature. For this end, heat the next pair 
of beakers in a water bath whose temperature is controlled by means 
of a thermometer. Keep the solutions in the bath during 15-20 min,, 
and then pour them together. What is observed? 

Run a third experiment at a temperature 20 °C higher than room- 
temperature, heating the solutions as indicated above. Enter the- 
results in your laboratory notebook using Form 10. 


Form 10. EFFECT of temperature on reaction of sulphuric acid* 

WITH SODIUM THIOSULPHATE 


Experiment 

No. 

; Volume of solution, ml ! 

Temperature, , 
°C ! 

Time, s (or number 
of metronome beats 
up to appearance 
of turbidity) 

sulphuric acid 

sodium 

thiosulphate 







How does the change in the temperature affect the rate of the? 
chemical reaction? 


6.2 RATE OF HETEROGENEOUS REACTIONS 

EFFECT OF THE DEGREE OF REACTANT MIXING 
ON THE REACTION RATE 

Put about 0.01 g of anhydrous copper sulphate and several crystals 
of potassium iodide into a dry porcelain mortar. Mix these sub¬ 
stances with a pestle, and then triturate them. What do you observe? 
Add a few drops of water to the mixture. Explain the observed 
phenomena. Write the equation of the reaction. 

What factors affect the rate of homogeneous and heterogeneous 
chemical reactions? What is called the order of a reaction? Give- 
examples of first- and second-order reactions. Write a mathematical 
expression of the law of mass action for a first- and second-order irre¬ 
versible reactions. 

What is the physical meaning of the rate constant of a chemical 
reaction? What is the dimension of the rate constant of a first- 
second-) order chemical reaction? How does the rate constant 
depend on the temperature? Write the Arrhenius equation. What is 
called the activation energy? What substances are called catalysts 
and inhibitors? 
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SUPPLEMENTARY EXPERIMENTS 

1. Effect of the Surface Area on the Reaction Rate. Assemble 
an apparatus as shown in Fig. 45. Introduce 0.1 g of powdered metal¬ 
lic zinc into a 50-ml reaction flask and pour in 10 ml of a 20% sulphu¬ 
ric acid solution. Put the end of the gas-discharge tube under the 
burette and determine the volume of hydrogen that evolves during 
two to five minutes. Perform the experiment at a constant tempera¬ 
ture, shaking the reaction mixture. Why? 

Run the same experiment, using 0.1 g of zinc in the form of pieces 
•or plates. Repeat similar experiments with magnesium, taking it 
in an amount of 0.04 g and using a 10% sulphuric acid solution 
instead of the 20% one. How does the surface area of the reactants 
.affect the rate of the chemical reaction proceeding in a heterogeneous 
medium? 

2. Effect of Light on the Decomposition of Silver Chloride. Intro¬ 
duce 2 ml of a 0.1 A silver nitrate solution into a test tube and add 
•dropwise such an amount of a saturated sodium chloride solution 
that will be sufficient for the complete precipitation of the silver as 
a chloride. Rapidly filter out the precipitate, rinse it with water and 
put it on two watch glasses. Place one glass with the precipitate in 
a dark cupboard, and leave the other at a window in daylight. In an 
•hour, compare the colour of the precipitates and explain the phenom¬ 
ena you observe. How does light affect the reaction? After the 
■experiment, put the precipitates containing a silver compound into 
4he jars set aside for them. 



CHEMICAL EQUILIBRIUM 


What reactions are called practically reversible ones? 

What are the conditions of irreversibility and reversibility of 
■chemical reactions? 

What state is called that of chemical equilibrium and why is it dy¬ 
namic? What factors shift chemical equilibrium? State the le Chate- 
lier principle. 


7.1 EFFECT OF REACTANT CONCENTRATION 

Reaction of Iron(III) Chloride with Ammonium Thiocyanate. 

Prepare for this experiment a 0.01-0.02 M solution of iron(III) 
-chloride and a 0.02-0.03 M solution of ammonium thiocyanate. Pour 
•into a beaker 20 ml each of the iron(III) chloride and ammonium 
ithiocyanate solutions. How can the red colour of the solution be 
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explained? Write the equation of the reaction. Does the given reac¬ 
tion proceed to the end? 

Pour the solution obtained into four test tubes. Keep the first 
one as a reference. Add to the second tube two or three drops of 
a concentrated iron(III)] chloride solution, to the third one two or 
three drops of a concentrated ammonium thiocyanate solution, and 
to the fourth one a small amount of dry ammonium chloride. Stir 
the contents of the test tubes and observe the change in the intensity 
of the colour of the solutions. 

Explain the occurring phenomena on the basis of the law of mass 
action. Will equilibrium be shifted if the obtained solutions are 
diluted? The concentration of what substance changes from one 
experiment to another, and how many times? What conclusion 
should be made from the results obtained? 


7.2 EFFECT OF TEMPERATURE 

Thermal Dissociation of Nitrogen(IV) Oxide. Use two communi¬ 
cating flasks filled with nitrogen(IV) oxide for this experiment 
(Fig. 46). Immerse flask 1 into a 
beaker filled with snow or crushed 
ice, and flask 2 into a beaker with 
water. Heat the latter and watch 
the change in the colour of the gas 
in both flasks. Extract the flasks 
from the beakers. How does the 
colour of the gas change? 

Give the thermodynamic deriva¬ 
tion of the law of mass action for 
the reaction A + C + D. 

What is the physical meaning of 
the chemical equilibrium constant? 

What factors does it depend on? 

Write a mathematical expression 
for the temperature dependence 
of the chemical equilibrium constant of reactions proceeding in the 
gaseous phase ( K p ), ( K v ), and in an aqueous solution ( K c ). 

SUPPLEMENTARY EXPERIMENT 

Reaction of Potassium Chloride with Nitric Acid. Put 1 g of sodium 
or potassium chloride in a porcelain bowl and add 10 ml of a con¬ 
centrated nitric acid solution. Put the bowl in a water bath in a 
fume cupboard and evaporate until dry. Dissolve a small part of 
the dry residue in water and test the solution with silver nitrate. 



Fig. 46. A setup for studying the 
thermal dissociation of nitro- 
gen(IV) oxide 
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Repeat the evaporation until a dry residue is obtained two or 
three times using the same amount of nitric acid as previously, 
and test the dry residue each time for the presence of the chloride. 
What do these experiments show? Write the equation of the occur¬ 
ring reaction. 

Evaporate the obtained salt with 10 ml of concentrated hydro¬ 
chloric acid in a water bath until dry. Dissolve a small sample of 
the dry residue in water and test it with silver nitrate. Explain the 
phenomena that occur. 

8 SOLUTIONS 

8.1 SOLUBILITY OF SALTS 

Determining the Solubility of Potassium Dichromate. Prepare 
a potassium dichromate solution that is saturated at room temper¬ 
ature. Using the table of solubility (see Appendix 1, Table 1), cal¬ 
culate the amount of potassium dichromate needed for the saturation 
of 50 ml of distilled water, and take an excess of it (10%). Place 
the amount of salt weighed on a technical chemical balance in a 
100-ml flask and add 50 ml of distilled water to it. Close the flask 
with a stopper and stir its contents during 10-15 min (better in 
a shaker) while holding the flask by its neck. Prior to filtration, mea¬ 
sure the temperature of the solution. Filter off the remaining insolu¬ 
ble salt and gather the filtrate in a dry flask. 

Thoroughly wash a burette with a chromium mixture and water, 
and then rinse it two or three times with the prepared saturated 
potassium dichromate solution. Why is this done? Fasten the burette 
in a stand and pour the transparent solution into it. Fill the tip 
of the burette with the solution and note the level of the liquid in 
the burette. 

Weigh a porcelain bowl with an accuracy up to 0.1 g on a tech¬ 
nical chemical balance. Pour about 20 ml of the solution from the 
burette into the weighed bowl. Determine the volume of the solution 
with an accuracy up to 0.1 ml. Weigh the bowl with the solution. 
Evaporate the solution until dry on a water bath. Place the bowl 
with the substance in a drying cabinet. How can you determine 
that the precipitate has been dried? 

Weigh the bowl with the dry potassium dichromate. Transfer the 
residues of the potassium dichromate and its solutions into special 
jars (take them from the laboratory assistant). Enter the results of 
your measurements and weighings into your laboratory notebook, 
using Form 11. 
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Form 11- 


DETERMINING THE SOLUBILITY OP POTASSIUM DICHROMATE 


Item 


Experiment No. 

1 I 2 


Temperature of saturated solution, °C 

Level of solution in burette after pouring solution out, ml 

Ditto, before pouring solution out, ml 

Volume of solution taken for evaporation, ml 

Mass of porcelain bowl with solution, g 

Mass of empty porcelain bowl, g 

M'ass of solution, g 

Mass of porcelain bowl with dry salt 

Amount of potassium dichromate contained in the taken 
solution, g 


Find the mass of potassium dichromate that saturates 100 g of 
water, 100 g of solution, and 1000 ml of solution at the noted tem¬ 
perature. How can the solubility of substance be expressed? 

8.2 EFFECT OF TEMPERATURE 

ON SALT SOLUBILITY 

Aluminium Potassium Alum. Put. about 2 g of aluminium potas¬ 
sium alum into a test tube containing 3 ml of water. Does the alum 
dissolve in this amount of water in the cold? If it doesn’t, heat the 
contents of the tube almost to boiling. What is observed? Let the 
solution cool. What happens? How does the solubility of the alum 
change with a change in the temperature? 

Sodium Chloride. Dissolve about 2 g of sodium chloride in 3 ml 
of water with heating. Pour the transparent hot solution into a dry 
test tube. What do you observe when the solution cools? 

Calcium Acetate. Pour a small amount of a saturated calcium 
acetate solution into a dry test tube and heat it. Next cool the solu¬ 
tion with a stream of water from a faucet. What is observed? 

Find the values of the solubility (Appendix 1, Table 1) of alum, 
sodium chloride, and calcium acetate, and draw curves of their tem¬ 
perature dependence, laying off the temperature along the axis of 
abscissas and the concentration of a saturated solution along the axis 
of ordinates. 

Acquaint yourself with the appearance of aluminium potassium 
alum, sodium chloride, and calcium acetate crystals using a micro¬ 
scope. To do this, transfer a drop of the relevant solution containing 
a few crystals onto a slide. Cover the liquid with a cover glass and 
place the preparation on the microscope stage. Draw the shape of the 
crystals. 
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8.3 PREPARATION 

OF SUPERSATURATED SOLUTIONS 

Copper Sulphate Pentahydrate. Calculate what amount of copper 
sulphate crystallohydrate (blue vitriol) has to be taken for 10 ml 
of water to prepare a solution saturated at60°C (see Appendix 1, 
Table 1). Bring the solution obtained at the indicated temperature 
almost up to boiling and rapidly filter it through a fluted filter on 
a funnel for hot filtration (the funnel must be hot). Close the test 
tube with the filtrate with a piece of cotton wool. If crystals have 
formed in the filtrate, dissolve them by careful heating. Cool the 
solution and introduce a minute crystal of the initial salt into it. 
What is observed? Does the temperature of the solution change? 

Heat the test tube with its contents to obtain a transparent solu¬ 
tion again, carefully cool it, and rub the inner wall of the test tube 
containing the solution with a glass rod. Explain the precipitation 
of crystals. Give definitions of saturated, unsaturated, and super¬ 
saturated solutions. 

Sodium Thiosulphate. Put several salt crystals into a dry test 
tube and heat it very slowly. What happens? Close the tube with 
cotton wool and let it cool. Vigorously agitate the tube cooled to 
room temperature. What do you observe? 

Heat the tube with the salt to obtain a transparent solution again. 
Cool it and introduce a minute crystal of the initial substance into 
it. Describe the phenomenon you observe. 

8.4 THERMAL PHENOMENA IN DISSOLUTION 
OF SALTS 

Observe the thermal phenomena occurring when 0.1 mol of the 
following salts is dissolved in 50 ml of water: ammonium nitrate, 
anhydrous sodium sulphate, and sodium sulphate decahydrate 
(Glauber salt). For this purpose, pour 50 ml of water into a 100-ml 
beaker, measure its temperature, and, after pouring in the relevant 
amount of a salt, see how the temperature changes. Explain what 
occurs. 

Draw curves of the solubilities of the indicated salts. What rela¬ 
tion can be noted between the heat of dissolution of a substance and 
the change in its solubility with the temperature? 

SUPPLEMENTARY EXPERIMENTS 

1. Change in Volume in[ Dissolution. Dissolution of Sodium[Chlo- 
ride in Water. Weigh 21 g of sodium chloride. Calculate the volume 
occupied by the given amount of salt using a table of the density of 
substances (see Appendix 1, Table 4). Pour 90 ml of water into a 
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100-ml measuring cylinder, and introduce a glass rod and a thermo¬ 
meter into it. Note the level of the water in the cylinder and its tem¬ 
perature. Carefully pour in the weighed salt using a dry funnel so 
that the salt does not get onto the walls of the cylinder. By stirring 
with the rod, achieve complete dissolution of the salt. When thn 
solution acquires room temperature, note its volume. 

Dissolution of Ammonium Chloride in Water. Weigh 21 g of ammo¬ 
nium chloride, calculate its volume, and dissolve it in 150 ml of 
water, proceeding in the same way as in the preceding experiment. 
Note the volume of the solution obtained. 

Dissolution of Sugar in Water. Take 50 g of sugar and dissolve it 
in 250 ml of water. Measure the volume of the solution. 

Dissolution of Ethanol in Water. Pour 4 ml of water into a 10-ml 
measuring cylinder. Put a thin glass rod into it and note the level 
of the liquid in the cylinder. Add 4 ml of water and again note the 
level. Pour out the water. Again pour 4 ml of water and 4 ml of ab¬ 
solute ethanol into the cylinder and thoroughly mix the liquid with 
the rod. What is observed? Enter the data of all the experiments in 
your laboratory notebook using Form 12. 

Form 12. CHANGE IN VOLUME IN DISSOLUTION 


Ex¬ 

peri¬ 

ment 

No. 

Sub¬ 

stance 

being 

stud¬ 

ied 

Volume, ml 

Mass 
of sub¬ 
stance, 
g 

Density 
of sub¬ 
stance, 
g/cm 3 

Volume 
of sub¬ 
stance, 
ml 

Total volume 
of solution 
with glass 
rod, ml 

Deviation 
from sum of 
volumes of 
substances 
taken 

water 1 

water 

and 

glass 

rod 

calcu¬ 

lated 

found 

± ml 

±% 













What conclusions can be made from the experiments performed? 

2. Determining Solubility of Air in Water. Assemble an appara¬ 
tus (Fig. 47) so that the end of the tube does not emerge from the 
stopper. The volume of the flask should be 250-300 ml. Check the 
tightness of the apparatus. Measure the volume of the flask up to 
the stopper. 

Pour about 350 ml of distilled water into a flask with a volume of 
0.5-1 litre and saturate it with air by shaking it. Fill the flask of the 
apparatus and the gas-discharge tube with the water saturated with 
air. Close the flask, making sure that not a single air bubble remains 
in the flask and in the tube. Put a test tube filled with water onto the 
free end of the gas-discharge tube immersed in a bath with water 
and fasten it in a stand (the test tube and the stand are not shown in 
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•the figure). Measure and record the temperature of the water satu¬ 
rated with air and the atmospheric pressure. Heat the water and 
toil it up to complete evolution of the gases from it (5-8 min). When 
the gas stops evolving, extract the gas-discharge tube from the water, 



fig. 47. An apparatus for determin- Fig. 48. Setup for observing os- 
4ng the solubility of gases in water mosis 

.and cool the test tube with the collected gas to the temperature at 
•which the water was saturated with air. 

Adjust the pressure of the gas in the test tube to atmospheric, 
•mark the level of the water with a rubber band, and determine the 
volume of the evolved gas with a small measuring glass. Enter the 
results in your laboratory notebook using Form 13. 


■Form 13. DETERMINING SOLUBILITY OP AIR IN WATER 


Volume of 
water In 
flask, ml 

Volume of evolved gas 
under given conditions, ml 

Atmospheric 
pressure of 
gas, mmHg 

Temperature, 

°C 

Water vapour 
pressure, 
mmHg 








Calculate the volume of dry air that was dissolved in the water 
under the conditions of the experiment. How does the solubility of 
gases change with a change in the pressure? What was the compo¬ 
sition of the gas that evolved from the water? 

3. Osmosis. Assemble the setup shown in Fig. 48. Cover the wide 
•opening of a glass vessel that is a bottomless jar with an animal blad- 
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der, cellophane, or a collodion film (see p. 171). Fill the vessel with 
a concentrated sugar solution and close its upper narrow opening 
with a rubber stopper accommodating a long narrow tube. Part of the 
solution will enter the tube. Immerse the setup into a bath with 
distilled water, note the level of the liquid in the tube, and observe 
how the liquid rises. Why does the 
liquid rise in the tube and how 
long will this occur? What is 
called osmosis and osmotic pressure? 

How does the osmotic pressure 
depend on the temperature and the 
solute concentration? State van’t 
Hoff’s law. 

4. Determining the Freezing 
Point of Water, (a) To determine 
the freezing point of substances, 
use an arrangement as shown in 
Fig. 49. Thoroughly wash test tube 
1 and stirrer 2. Secure thermome¬ 
ter 3 so that it fails to reach the 
bottom of the test tube by 1-2 cm 
(the thermometer must have grad¬ 
uations of 0.01 °G). Pour in an 
amount of distilled water such that 
its level is 2-3 cm higher than 
the top of the mercury bulb of 
the thermometer. Submerge tube 1 
directly into beaker 4 filled with 
a cooling mixture (see Appendix 1, 

Table 17) whose temperature 
should be 2-3 °C below the freezing 
point of water. Watch the change 
in the temperature while constantly 
stirring the water with stirrer 2. Fig . 49< Arrangement for deter- 
Take the readings of the thermome- mining the freezing point of sub- 
ter every 10 seconds. How is the stances 
drop, elevation, constancy, and 

new drop of the temperature when the water is cooled explained? 
Draw a graph of the change in the temperature with time. At what 
temperature did the water freeze? 

Draw a phase diagram of water. What is called a phase, component, 
and degree of freedom? How many phases and degrees of freedom are 
there at different points of the phase diagram of water? What is known 
as the freezing (boiling) point of pure substances? 

<b) More accurate results can be obtained as follows. Immerse test 
tube 1 containing the required amount of water into test tube 6 placed 
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in beaker 4 with the cooling mixture. Stir the cooling mixture and 
the water with stirrers 2 and 5 until the temperature of the water low¬ 
ers to a value exceeding the previously found approximate value 
of its freezing point by 0.5 °C. Again begin stirring. While watching 
the temperature, note its maximum elevation—the freezing point of 
water. Repeat this determination two or three times. 

5. Determining the Temperature of Water Crystallization from 
Aqueous Sugar and Sodium Chloride Solutions. Weigh empty test 
tube 1 (Fig. 49) with an accuracy up to 0.1 g, and then weigh it with 
water. Calculate what amount of sugar and sodium chloride has to 
be added to the taken amount of water to prepare unimolal solutions. 
Weigh the calculated amount of substance with the same accuracy in 
a preliminarily weighed weighing bottle, transfer it into test tube 1 
so that the substance gets only into the solvent, and not onto the 
tube walls. Weigh the test tube with the solution again. Determine 
first approximately, and then accurately the temperature of the 
beginning of crystallization of water from aqueous solutions of 
sugar and sodium chloride. 

Plot the change in the saturated vapour pressure of water over 
pure water and an aqueous solution of sugar (sodium chloride) 
against the temperature. How does the freezing (boiling) point of water 
change when it contains solutes (sugar, sodium chloride)? Define the 
cryoscopic and ebullioscopic constants of water. What is their numer¬ 
ical value? State Raoult’s laws and write their mathematical expres¬ 
sion. How can the molecular masses of solids be determined? 

6. Determining the Cryohydrate Point. (This experiment is per¬ 
formed by two students.) Prepare a cooling mixture that freezes at 
—30 °C (see Appendix 1, Table 17) and put it into the beaker of an 
arrangement for determining the freezing point of solutions (see 
Fig. 49). Pour a unimolal barium chloride solution into test tube 1 
with an offtake and put tube 1 into larger test tube 6. Watch how the 
temperature changes while constantly stirring the solution with 
stirrer 2. Note the readings of the thermometer every 10 seconds. 
Lower the temperature to —15 °C. Extract the test tube with the 
barium chloride solution from the cooling mixture and note the 
temperature of the reaction mixture every 10 seconds. Plot the tem¬ 
perature against the time. 

How can the shape of the temperature-time curve be explained? 
Define the eutectic point (cryohydrate point). 



ELECTROLYTIC DISSOCIATION 


State the fundamental propositions of the theory of electrolytic 
dissociation. 
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9.1 ELECTRICAL CONDUCTANCE OF SOLUTIONS 

Pour 50 ml of a 0.1 N aqueous or ethanol solution of potassium 
hydroxide or potassium nitrate into four 100-ml beakers (use two 
of them for each solvent). Using a stationary setup for determining 
the electrical conductance (Fig. 50), check whether these solutions 
conduct an electric current. For this purpose, immerse the carbon 
electrodes into a beaker with the relevant solution and observe the 
reading of the ammeter. See that the electrodes are always immersed 
to the same depth. When transfer¬ 
ring the electrodes from one solu¬ 
tion into another one, wash them 
with distilled water. 

What explains the different elec¬ 
trical conductance of an aqueous 
and ethanol solutions of the same 
substance in the same concentra¬ 
tion (iV)? What is called the di¬ 
electric constant (permittivity)? 


9.2 COMPARISON OF 

THE STRENGTH OF 
ACIDS AND BASES 

What classes of chemical com¬ 
pounds are called acids, bases, and 
salts? 

Change in the Colour of Indicators 
in Acid and Alkaline Solutions. 

Pour 2-3 ml each of 1 N solutions of hydrochloric and acetic acids, 
sodium hydroxide, and an aqueous ammonia solution into test tubes. 
Pour one or two drops of a phenolphthalein solution into each of 
the tubes and see whether the colour of the solution changes. Per¬ 
form similar experiments with other indicators, namely, methyl 
red, litmus, methyl orange (see Appendix 1, Table 6). Enter your 
observations into your laboratory notebook using Form 14. 



Form 14. CHANGES IN INDICATOR COLOURS 


Substance being tested 

Indicator 

Colour of solution 
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Preparation of Acid Solutions of the Same Normality. Prepare 
100 ml each of 1 A solutions of sulphuric, hydrochloric, and acetic 
acids, using concentrated solutions of the acids (see Appendix 1, 
Table 2). Pour these solutions into burettes with an indication of 
their density or concentration in per cent. 

Measuring flasks of various volumes are used to prepare solutions 
with an exact concentration. Thoroughly wash the flask in which 
a solution is to be prepared with a chromium mixture (see p. 22). 

Pour 40-50 ml of distilled water into a flask, then add the calcu¬ 
lated amount of the initial concentrated acid, and after stirring and 
cooling add water up to the mark. Close the flask with a stopper and 
thoroughly stir the solution by turning the flask upside down and 
back and shaking it. 

Determining the Concentration of Acid Solutions by Titration. 

Titration is used to accurately determine the concentration of solu¬ 
tions. To the acid solution being investigated, add an alkali solu¬ 
tion of an exactly known concentration (a titrated solution) up to 
neutralization. The instant of neutralization is established according 
to the change in the colour of the indicator (phenolphthalein, methyl 
red, methyl orange). 

Titrated solutions are stored in large bottles with burettes con¬ 
nected to them (Fig. 51). First fill the burette with the solution above 
the zero graduation, and then drain off the liquid to this graduation, 
generally adopted as the beginning of measurement. See that there 
are no air bubbles in the tip of the burette. When reading the level 
of the solution in the burette, keep your eyes at the lower edge of 
the liquid meniscus. 

Introduce 10 ml of a prepared acid with a pipette into each of 
two conical 100-ml flasks and add two or three drops of a phenol¬ 
phthalein indicator. A liquid is generally drawn into a pipette by using 
a slight vacuum, for example, with the aid of a rubber bulb or a 
rubber tube connected to a water-jet pump. Never suck in a liquid 
with your mouth. Using a wash bottle with distilled water, wash off 
the drops of the acid solution from the walls of the conical flask and 
perform titration. Add the alkali to the acid in small portions, con¬ 
tinuously stirring the solution. Hold the neck of the flask with the 
fingers of your right hand, and open the burette clamp with your 
left hand. The end of titration is determined by the appearance of 
a hardly noticeable crimson colour (phenolphthalein) that does not 
vanish during 30 seconds, or by the change in colour of the relevant 
indicator used (methyl orange, methyl red). Note the reading of the 
burette with an accuracy up to 0.05 ml and add another drop of the 
alkali solution. The appearance of a quite noticeable colour of the 
solution indicates that the last drop was excessive. 

Again fill the burette with an alkali solution up to the zero grad¬ 
uation and repeat the titration of the acid in the second flask. 
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The tolerated discrepancy between the two measurements is 0.05 ml. 
It is recommended to enter the results in your laboratory notebook 
using Form 15. 


Form 15. determining the concentration of acid solutions 
BY TITRATION 


Name of acid 

Experiment 

No. 

Volume of solution, ml 

Concentration, N 

acid 

alkali 

alkali 

acid 








Calculate the normality of the prepared acid from the data ob¬ 
tained. Write the molecular and net ionic equations of the neutraliza¬ 
tion reaction. 



Fig. 51. Large bottles and burettes for titrated solutions 

What is the essence of a neutralization process? How can the neut¬ 
rality of a solution be determined? At what hydrogen ion concentra¬ 
tion is a reaction neutral? What is the ion product of water? What 
is the value of the ion product of water at 22 °C? In what volumes 
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will an alkali react with an acid at an identical normality of their 
solutions? Is such a relation observed for acid and alkali solutions 
with the same concentration in per cent? 

Electrical Conductance of Acid Solutions. Pour prepared acid 
solutions into three dry beakers and check whether they conduct an 
electric current. Record the ammeter readings. On the basis of these 
experiments, arrange the acids in a series according to their activity. 

How Acids with the Same Normality Affect a Metal. Pour identical 
amounts (10 ml) of 1 A hydrochloric, sulphuric, and acetic acid 
solutions into three test tubes. Take three identical pieces of mag¬ 
nesium (not over 0.2 g) or identical masses (not over 0.2 g) of basic 
copper carbonate and simultaneously introduce them into the tubes 
with the acids. Note in which acid the magnesium (or carbonate) 
dissolves more rapidly. Why? 

Electrical Conductance of Aqueous Solutions of Ammonia and 
Metal Hydroxides. Check the electrical conductance of 1 A solu¬ 
tions of sodium hydroxide, potassium hydroxide, and ammonia. 
Record the ammeter readings. Arrange the studied alkalies in a series 
according to their activity. Acquaint yourself with the degree of 
dissociation and the dissociation constants of acids and bases (see 
Appendix 1, Tables 9 and 10). Why is the term “apparent degree of 
dissociation” used to characterize the dissociation of strong electro¬ 
lytes? 


9.3 CHANGE IN THE HYDROGEN 

AND HYDROXYL ION CONCENTRATION 

1. Pour 5 ml of a 1 A hydrochloric acid solution into a test tube 
and throw a small piece of zinc into it. When the evolution of hy¬ 
drogen becomes quite vigorous, add 1-2 g of sodium acetate. Explain 
the change in the rate of hydrogen evolution. Write the molecular 
and net ionic equations of the chemical reaction of hydrochloric 
acid with sodium acetate. Does the activity of acetic acid decrease 
when dry sodium acetate is added to its solution? 

2. Pour 3 ml of a 1 A alkali solution into each of two test tubes. 
Add about 1 g of solid ammonium chloride to one of them and dis¬ 
solve it by shaking the tube. Pour 2 ml of a magnesium chloride 
solution into both tubes. Why does no precipitate form in one case? 
Explain the observed phenomenon proceeding from the change in 
the hydroxyl ion concentration. 

3. Pour 3 ml of a 0.1 A ammonia solution into each of two beakers. 
Add dry ammonium chloride to one beaker until the solution is sat¬ 
urated. Pour 2-3 ml of a magnesium chloride solution into both 
beakers. Explain the observed phenomenon using the law of mass 
action. 
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Which electrolytes are called strong, and which are called weak? 
In what form can the law of mass action be applied to strong elec¬ 
trolytes? Define the activity, the activity coefficient, and the ionic 
strength of a solution. 

Determining the pH of Solutions. (It is desirable to use a pH- 
meter in these experiments.) Using a universal indicator (or a pH- 
meter), determine the pH of water and 0.1 N solutions of hydro¬ 
chloric, acetic, and phosphoric acids, and of sodium and 
ammonium hydroxides. 

Do acid solutions of the same normality differ in their pH? What 
is the relation between the hydrogen ion concentration and the pH 
of solutions? See whether the pH of solutions of phosphoric and acetic 
acids and of ammonia will change when dry sodium phosphate, so¬ 
dium acetate, and ammonium chloride salts are introduced into 
the corresponding solutions. Explain the observed phenomenon. 


9.4 HYDROLYSIS OF SALTS 

Put a piece of indicator paper (a universal indicator) on a watch 
glass and wet it with a sodium carbonate solution. Note the change 
in the indicator colour, compare it with a reference, and determine 
the pH of the sodium carbonate solution. Perform similar experi¬ 
ments with aluminium and sodium chlorides. Use the pH values 
obtained to calculate the hydrogen ion concentrations in the studied 
solutions. 

Explain why the equality of the hydrogen ion and hydroxyl ion 
concentrations is violated when certain salts are dissolved in water. 
Compare the values of the dissociation constants of water, acetic 
acid, carbonic acid, the bicarbonate ion, and aluminium hydroxide. 
How can the hydrolysis process be explained from the viewpoint of 
the law of mass action? In what cases is hydrolysis reversible and 
in what cases does it proceed virtually to the end? 

Write the equations of the hydrolysis reactions of the studied 
salts in the molecular and net ionic forms. Define the degree of hy¬ 
drolysis and the hydrolysis constant. 


9.5 SOLUBILITY PRODUCT 

Precipitation of Sparingly Soluble Salts. Pour 2-3 ml of barium 
chloride, strontium chloride, and calcium chloride solutions into 
three test tubes. Add a sodium sulphate solution to the first tube, 
a saturated calcium sulphate solution to the second one, and a satu¬ 
rated strontium sulphate solution to the third one. Write the equa¬ 
tions of the chemical reactions in the molecular and net ionic forms. 
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Explain the formation of precipitates using the concept of the solu¬ 
bility product (see Appendix 1, Table 12). In what cases was no 
precipitate formed when the salts were poured together? 

Dissolution of Sparingly Soluble Salts. Obtain precipitates of 
calcium carbonate and calcium oxalate in test tubes by reacting 
the relevant salts. Decant the solutions and pour an acetic acid solu¬ 
tion onto the moist precipitates. What happens? Repeat the ex¬ 
periment, but use hydrochloric acid instead of the acetic acid. Write 
the equations of the chemical reactions in the molecular and net ionic 
forms. Explain the results obtained on the basis of the dissociation 
constants of the acids and the solubility product. 


ELECTROCHEMICAL PROPERTIES 
OF SOLUTIONS 

10.1 ELECTROCHEMICAL SERIES 

Reaction of Metals with Salts. 1. Pour a small amount of a copper 
sulphate solution into two test tubes. Immerse an iron plate or nail 
into one of them and a piece of lead into the other. 

2. Immerse an iron plate into a test tube containing a lead acetate 
solution. 

Note the observed phenomena. Write the molecular and net ionic 
equations of the reactions occurring between the metals and the salts. 
Arrange the metals in a series according to their activity (the elect¬ 
rochemical series), writing down the values of their standard elec¬ 
trode potentials (see Appendix 1, Table 2). What place does hydrogen 
occupy in this series? 

Reaction of Non-Metals with Salts. 1. Add 0.5 ml of petrol and 
several drops of chlorine water to each of potassium bromide and 
iodide solutions. Stir the solutions with a glass rod. Note the colour 
of the petrol layer. Write the equations of the reactions in the mole¬ 
cular and net ionic forms. 

2. Add 0.5 ml of petrol and a few drops of bromine water to a po¬ 
tassium iodide solution. How can the change in the colour of the 
petrol solution be explained? Write the equation of the reaction. 

3. Pour hydrogen sulphide water into three test tubes and treat 
it with chlorine, bromine, and iodine water. What is observed? Write 
the equations of the reactions. Arrange the non-metals in a series ac¬ 
cording to their activity. 

Find the values of the standard oxidation-reduction potentials 
of the indicated systems (see Appendix 1, Table 21). Write the Nernst. 
equation. 
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10.2 ELECTROLYSIS 

Electrolysis of a Copper(II) Chloride Solution. Pour a 5% copper 
chloride solution into U-tube 3 (Fig. 52). Use carbon bars as elec¬ 
trodes. Fit small pieces of rubber tubes onto carbon electrodes 4 
so that the ends of the electrodes protrude by 2 cm. Secure the elec¬ 
trodes with the aid of two stop¬ 
pers (do not close the tube tightly). 

Connect the wires to a 10-20-V cur¬ 
rent source (or to an accumulator), 
and include rheostat 1 for 10-20 Q 
and 2-3 A, and ammeter 2 in the 
circuit. 

Immerse the electrodes into the 
solution up to the rubber tubes and 
switch on the current. The latter 
should be about 2 A. Carry on elec¬ 
trolysis for 5-10 min. Add two or 
three drops of a starch iodide solu¬ 
tion to the tube arm containing 
the anode. What do you observe? 

What substances evolve at the 
electrodes? Write the equations of the reactions occurring at the 
electrodes. State Faraday’s law. Define the electrochemical equiva¬ 
lent. 

After completing work, wash the electrodes with a 10% nitric 
acid solution, and then with water. 

Electrolysis of Sodium Sulphate Solution. Use the device of the 
preceding experiment. Pour a 5% sodium sulphate solution into the 
U-tube and add two drops of a neutral litmus solution to each arm 
of the tube. Switch on the current (it should be about 2 A). Observe 
the phenomena occurring at the electrodes. Write the equations of the 
corresponding reactions. What is known as the electrolyte decom¬ 
position voltage? 

Preparation of Zinc by the Electrolysis of a Zinc Sulphate Solution. 

Pour a 1 JV zinc sulphate solution into a 300-ml beaker and put a 
strip of aluminium foil 4 cm wide (cathode) into it. A carbon bar can 
be used as the anode. The current source must have a voltage of 10 V 
and provide a current of 1-1.5 A. Close the circuit. What happens? 
Continue electrolysis until a sufficient amount of zinc forms. Do not 
let the deposited metal come into contact with the other electrode. 
What substances are formed at the electrodes? Write the equations- 
of the reactions. 

Electrolytic Refining of Copper. Immerse a carbon cathode and 
an anode cut out from a strip of “crude” copper into a 300-ml beaker. 
Pour a 20% sulphuric acid solution into the beaker. The current 



Fig. 52. Device for the electroly¬ 
sis of a copper chloride solution 
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source (accumulator) must have a voltage of 2-10 V. Begin electroly¬ 
sis at a cathode density of 6 A/dm 2 . When the solution acquires a 
noticeable light blue colour (why?), lower the cathode current den¬ 
sity to 0.5 A/dm 2 . Continue electrolysis for 10-15 min. Explain the 
processes occurring at the electrodes. 

Anode Oxidation of Lead. Suspend two lead plates to be used 
as electrodes in a beaker and pour in a 25% sulphuric acid solution. 
Use a 10-V current source. Switch on the current and continue elec¬ 
trolysis up to a noticeable change in the colour of one of the elec¬ 
trodes. What is it due to? Write the molecular and net ionic equa¬ 
tions of the occurring reactions. 


HALOGENS. PREPARATION AND PROPERTIES 

Indicate the position of the halogens in Mendeleev’s periodic table, 
their electron configurations/the size of their atoms, and the exhibited 
oxidation states. Write the electron configurations of the halogen 
molecules. How does the binding energy change in them? 

11.1 CHLORINE 

Chlorine is a poisonous greenish-yellow gas. The inhalation of small 
amounts of chlorine causes coughing. When large amounts of chlorine 
are inhaled, major affection of the respiratory tracts is possible. 

Perform all work with chlorine in a fume cupboard in the presence 
of your instructor! A person poisoned by chlorine must immediately 
be taken out into the fresh air, and the following measures taken: let him 
(or her) smell a dilute solution of ammonia or ethanol and make cold 
compresses on his chest and neck. In case of serious poisoning, call a doctor. 



PREPARATION METHODS 

Preparation of Chlorine from Hydrochloric Acid by the Action 
of Various Oxidizing Agents. 1. Spill a small amount of manganese 
dioxide into a test tube and add concentrated hydrochloric acid. 
Carefully smell the chlorine by directing a stream of it toward your 
face with a wave of your hand. Write the equation of the reaction. 

2. Put two or three potassium permanganate crystals in a test 
tube and secure it in a stand. Carefully add several drops of con¬ 
centrated hydrochloric acid. What do you observe? Write the equa¬ 
tion of the reaction. 

3. Spill some finely triturated potassium dichromate onto the 
bottom of a test tube and pour concentrated hydrochloric acid over 
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it. Slightly heat the mixture. Comment on your observations. Write 
the equation of the reaction. 

4. Put some chlorinated lime into a test tube and pour a 20% 
hydrochloric acid solution over it. Write the equation of the reac¬ 
tion. 

Preparation of Chlorine from Sodium Chloride. 1. Put a small 

amount of a mixture of sodium chloride and manganese dioxide into 
a test tube and carefully add a few drops of a 96% sulphuric acid 
solution from a pipette. Slightly heat the mixture. What is observed? 
Write the equation of the reaction. 

2. The experiment is prepared by one student and demonstrated to the 
class! Assemble a device for electrolysis (see Fig. 52). Include rheostat 
1 for 10-20 Q and ammeter 2 for 2-3 A in the circuit. Pour a saturated 
sodium chloride solution coloured with a neutral litmus solution 
into U-tube 3. Immerse carbon electrodes 4 (by one-third) into the 
solution. Connect the ends of the conductors to a direct-current source 
(an accumulator) and pass a current of about 2 A through the solu¬ 
tion. What is observed? Explain the change in the colour of the indi¬ 
cator solution. Write the equations of the reactions proceeding at the 
electrodes. 

What chlorine compounds are encountered in nature? How is chlo¬ 
rine produced in the industry? 

PREPARATION AND STUDYING OF PROPERTIES 

Chlorine can be prepared by reacting hydrochloric acid with man¬ 
ganese dioxide or with potassium permanganate. 

Preparation of Chlorine by Oxidizing Hydrochloric Acid with 
Manganese Dioxide. Assemble an apparatus (Fig. 53). Pour water 




(b) 

Fig. 53. Apparatus for preparing chlorine and hydrogen chloride 
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into the first wash bottle (why?) and concentrated sulphuric acid into 
the second one (why?). Spill 20 g of manganese dioxide into the 250-ml 
flask and pour in concentrated hydrochloric acid until it covers the 
dioxide and the end of the funnel stem. When the gas evolves slowly, 
slightly heat the reaction flask. 

Fill five 25-50-ml bottles with chlorine and cover them with glass 
plates. When filling the bottles with chlorine, cover their mouths 

with glass plates or sheets of pa¬ 



per. Put a white screen (a sheet of 
paper) behind the bottles to ob¬ 
serve the colour of the chlorine. Test 
its properties. 

Preparation of Chlorine by Oxi¬ 
dizing Hydrochloric Acid with 
Potassium Permanganate. Liquefac¬ 
tion of the Chlorine. Assemble 
an apparatus as shown in Fig. 54. 
Spill 10-15 g of potassium perman¬ 
ganate into flask 1 . Pour a 37 % 
hydrochloric acid solution into drop¬ 
ping funnel 2, a saturated sodium 
chloride solution into cylinder 3 , 
and a little concentrated sulphuric 
acid into wash bottle 4. Put the 


Fig. 54. Apparatus for preparing 
chlorine by reacting hydrochloric 
acid with potassium permanga¬ 
nate. Liquefaction of the chlorine 


end of the gas-discharge tube of the 
apparatus into test tube 5 cooled 
outside by solid carbon dioxide 
(dry ice) wetted with acetone. What 
is the boiling point of chlorine? 


What is the purpose of the cylinder with the saturated sodium 


chloride solution? Why is no wash bottle with water used in the given 


apparatus? Will the liquid chlorine be contaminated with hydrogen 


chloride? 


By adding hydrochloric acid dropwise from funnel 2 , obtain a uni¬ 
form stream of chlorine. After 2-3 ml of liquid chlorine gather in 
the receiver, disconnect the apparatus from wash bottle 4. Pour the 
obtained liquid chlorine into five bottles and cover them with glass 
plates. 

Reaction of Chlorine with Metals. 1. Put a little of antimony 
powder on a sheet of paper, open one of the bottles with chlorine and 
gradually spill the antimony into it. What happens? Write the equa¬ 
tion of the reaction. 


2. Take a strip of copper foil or a bundle of thin copper wires with 
pincers, heat it in the flame of a burner, and rapidly introduce it 
into a bottle with chlorine. What do you observe? Write the equation 
of the reaction. 
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Reaction of Chlorine with Non-Metals. 1. Put several grains of 
red phosphorus into a spoon for burning, ignite it, and introduce 
it into a bottle with chlorine. What occurs? Write the equation of 
the reaction. 

Under what conditions can phosphorus (antimony) trichloride 
and pentachloride form when phosphorus (antimony) burns in chlo¬ 
rine? By what features can we distinguish them from each other? 

2. Take two test tubes. Fill one of them with chlorine, and the 
other with hydrogen from a Kipp gas generator. Close the mouths 
of the tubes with your fingers and connect them so that the tube with 
the chlorine is on top. Separate the tubes and rapidly introduce their 
mouths into a flame. What happens? Write the equation of the reac¬ 
tion. 

Reaction of Chlorine with Compounds. 1. Take a strip of filter 
paper, wet it with several drops of freshly distilled turpentine, and 
introduce it, using pincers, into a bottle with chlorine. What is ob¬ 
served? Write the equation of the reaction. 

2. Secure a candle stub on a spoon for burning, ignite the candle, 
and carefully introduce it into a bottle with chlorine. What do you 
observe? What products form as a result of the reaction? 

Chlorine Water and Its Properties. 1. Saturate 5-10 ml of distilled 
water with chlorine. Note the colour and odour ( carefully]) of the 
solution obtained. What substances are present in chlorine water? 
Write the equation of the reaction and its equilibrium constant. 
Test how the obtained chlorine water affects an indigo solution and 
coloured fabric. What is observed? What substance has a bleaching 
effect? 

2. Pour 2-3 ml of chlorine water into a test tube and add a sodium 
hydroxide solution dropwise. How can the vanishing of the colour 
and odour of the chlorine water be explained? How does the alkali 
shift equilibrium in the reaction between chlorine and water? State 
le Chatelier’s principle. 

Add a dilute solution of sulphuric acid to the test tube up to an 
acid reaction. Did the odour of the solution change? Write the equa¬ 
tion of the reaction. Explain the results obtained. How can a hypo- 
chlorous acid solution be prepared? What kinds of transformations 
are typical of hypochlorous acid? What conditions facilitate each 
kind of transformation? 

11.2 BROMINE 

Perform all work with bromine in a fume cupboard, wear eye pro¬ 
tection or a mask and rubber gloves. 

Bromine is a heavy reddish-brown liquid. Bromine vapour has the 
same colour. It affects the respiratory tracts. If a student has acciden¬ 
tally inhaled bromine vapour, take him (her) into the fresh air; it is 
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prudent to lethim also inhale ammonia vapour ( a2% aqueous solution). 
If liquid bromine gets onto your skin, rapidly wash the affected area 
with ethanol, then with a large amount of water and a 2% solution of 
sodium bicarbonate. 


PREPARATION 

Preparation of Bromine by the Oxidation of Hydrobromic Acid* 

Assemble the setup shown in Fig. 55. Spill about 1.5 g of manganese 

dioxide into test tube 1 and pour 
in 5 ml of concentrated hydrobrom¬ 
ic acid. Close test tube 1 with a 
stopper containing a gas-discharge 
tube, and lower its end into dry 
test tube 2 cooled with ice. Close 
the mouth of tube 2 with cotton 
wool and, by slightly heating the 
reaction mixture, gather the evolv¬ 
ing bromine. Write the equation 
of the reaction. Use the obtained 
bromine for later experiments. 

Preparation of Bromine by Dis¬ 
placing It from Its Salts. Pour 
2-3 ml of a saturated potassium 
bromide solution into a test tube 
and pass a strong stream of chlorine through it. What occurs? Dis¬ 
til off the prepared bromine into a receiver test tube (see Fig. 55). 
Write the equation of the reaction. Can chlorine and iodine be pre¬ 
pared in this way? 



Fig. 55. Setup for preparing bro¬ 
mine 


PROPERTIES 

Perform experiments with liquid bromine in the presence of your in¬ 
structor. 

Put a test tube stand with five dry test tubes in a fume cupboard. 
Using a small funnel, pour 0.3-0.5 ml of bromine into each tube and 
perform the following experiments. 

1. Put one test tube with bromine into a beaker with a cooling 
mixture (ice and sodium chloride) whose temperature should not 
exceed —10 °C. What is the freezing point of bromine? 

2. Fasten a test tube with bromine in a clamp of the stand and 
throw a narrow strip of aluminium foil into it. If no reaction begins 
after a minute, put a beaker with warm water (about 40 °C) under the 
bottom of the test tube. What happens? Write the equation of the 
reaction. 
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3. Introduce a heated strip of copper foil into a test tube filled 
with bromine and fastened in a stand clamp. What do you observe? 
Write the equation of the reaction. 

4. Introduce several grains of red phosphorus with a spatula into 
the fourth tube with bromine. Write the equation of the reaction. 

5. Add 3-5 ml of water into a test tube with bromine and stir its 
contents with a glass rod. What is observed? Is the solubility of 
bromine in water high? What is called bromine water? Add a few 
drops of a saturated potassium bromide solution to this tube con¬ 
taining bromine water and stir its contents. Explain 
what occurs. 

6. Pour 2-3 ml of bromine water into a test tube and add a sodium 
hydroxide solution. How can the change in the colour of the solution 
be explained? Write the equation of the reaction. 

7. Pour several drops of bromine water into a test tube, dilute it 
with 5 ml of distilled water, and add 5-10 drops of chloroform. Thor¬ 
oughly stir the contents of the test tube. Explain the observed phe¬ 
nomenon. Perform a similar experiment with other organic solvents- 
(petrol, benzene, carbon disulphide, carbon tetrachloride). 

Note the change in the colour of the organic layer. 


11.3 IODINE 

Iodine is a violet-black crystalline substance. Iodine vapour irri¬ 
tates the respiratory tracts and the mucous membrane. If poisoned by 
iodine vapour, inhale vapour of a 2% aqueous solution of ammonia * 


PREPARATION 

1. Weigh 0.5 g each of potassium iodide and manganese dioxide, 
place the substances into a crucible, and mix them with a glass 
rod. Put the crucible with the mixture on a porcelain triangle, pour 
in 3-4 drops of concentrated sulphuric acid, and cover the crucible 
with a small round-bottomed flask filled with cold water. Fasten the 
flask in a clamp of a stand. Slightly heat the crucible during several 
minutes. What do you observe? Write the equation of the reaction. 
Collect the iodine obtained in a weighing bottle and weigh it. Cal¬ 
culate the yield in per cent. Hand in the substance obtained to the 
laboratory assistant. 

2. Pour 5 ml of a saturated potassium iodide solution into a test 
tube. Pass a stream of chlorine through the solution. What substance 
evolves? Filter the substance on a smooth filter and dry it in the air. 
What impurity will the iodine contain? How can it be purified? 
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PROPERTIES 

1. Put several crystals of the obtained dry iodine and an alumi¬ 
nium powder into a small porcelain bowl and carefully mix them 
{perform the experiment in a fume cupboardX). Introduce a drop of 
water into the prepared mixture with the aid of a long tube or rod. 
What is observed? What role is played by the water in the given ex¬ 
periment? Write the equation of the reaction. 

2. Pour water into two test tubes and lower one crystal of the iodine 
prepared in the preceding experiments into each of them. Vigorously 
shake the contents of the tubes. What is the solubility of iodine in 
water? Write the equation of the reaction of iodine with water. 

Leave one test tube for comparison, add a saturated potassium 
iodide solution to the second tube, and vigorously shake it. What 
happens? The formation of what substance explains the increase in 
the solubility of iodine? Write the equation of the reaction. 

3. Add a 1 N alkali solution to 2-3 ml of iodine water until the 
colour of the solution vanishes. Acidify the solution with sulphuric 
acid. What is observed? Explain the occurring phenomena. Write 
the equations of the reactions. 

4. Pour 2-3 ml of iodine water into each of several test tubes and 
add 2-3 drops of an organic solvent to each of them (benzene, chloro¬ 
form, petrol, carbon disulphide, carbon tetrachloride). Shake the 
contents of the tubes and note the colour of the organic solvent layer. 
What is the essence of the distribution law? 

11.4 FLUORINE 

1. How is fluorine prepared? 

2. How does fluorine react with the hydrogen compounds of other 
elements, for example, with water, hydrogen sulphide, and am¬ 
monia? 

3. How does the activity of the halogens change in the series from 
fluorine to iodine? How can this be explained? 

11.5 HYDROGEN COMPOUNDS OF THE HALOGENS 

(Perform the experiments in a fume cupboard!) 

Reaction of Sodium Chloride, Sodium Bromide, and Potassium 
Iodide with Concentrated Sulphuric Acid. Put three test tubes on 
a stand. Put a little sodium chloride in the first of them, sodium bro¬ 
mide in the second, and potassium iodide in the third. Pour several 
drops of concentrated sulphuric acid into each tube ( handle the acid 
with a pipette or tube having a rubber bulbX). What do you observe? 
What impurities do hydrogen bromide and iodide prepared in this 
way contain? Write the equations of the reactions. 
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Which of the hydrogen halides is the strongest reducing agent? 
Which hydrogen halides can be prepared by the action of concentrat¬ 
ed sulphuric acid on the relevant halide? 

Reaction of Sodium Bromide and Potassium Iodide with Con¬ 
centrated Orthophosphoric Acid. Put a small amount of sodium 
bromide in one test tube and of potassium iodide into another one. 
Add a 60 % orthophosphoric acid solution to both tubes. What gases 
evolve from the test tubes? Write the equations of the reactions and 
explain their course. 


HYDROGEN CHLORIDE 


Preparation. (Perform the experiment in a fume cupboard !) Assem¬ 
ble an apparatus as shown in Fig. 53a, substituting a U-tube for 
the wash bottles. Place 10-15 g of sodium chloride into the reaction 
flask, and anhydrous calcium chloride in the U-tube. Pour 20-25 ml 
of a 70% sulphuric acid solution into the flask via the funnel, and 
see that the end of the funnel tube is submerged in the liquid. Fill 
a dry thick-walled 25-50-ml bottle with the evolving hydrogen chlo¬ 
ride. How can you tell that the bottle is filled? 

Dissolution in Water. Close the bottle containing hydrogen chlo¬ 
ride with a stopper provided with a capillary facing inward. Invert 
the bottle with the gas and immerse its neck in a bath with water 
(see Fig. 53 b). Explain what occurs. 

What is the solubility of hydrogen chloride in water? What is the 
composition of an azeotropic mixture of hydrochloric acid with 
water? What is called an azeotropic mixture of liquids and how does 
it differ from the pure liquids? 

Why are dry sodium chloride 2 
and concentrated sulphuric acid 
taken when preparing hydrogen 
chloride? How is hydrochloric 
acid produced in the industry? 

What is the percent concentra¬ 
tion of commercial hydrochloric 
acid? 1 

HYDROGEN BROMIDE 

Preparation of Hydrobromic 



preparing 


Acid . (Perform the experiment in 56 . A tus for preparillg 

a fume cupboard'.) Assemble an ap- hydrogen bromide 
paratus as shown in Fig. 56. Put 

1 g of red phosphorus wetted with two drops of water into test tube 2. 
Pour 3-5 ml of bromine into dropping funnel 2. Place a wad of glass 
wool mixed with red phosphorus into the bottom part of U-tube 3 
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(why?). Pour 3 ml of water into test tube 4 used as a receiver and 
lower it into a beaker with ice. See that the gas-discharge tube is 
not submerged into the water in the receiver (why?), but that its 
mouth is very close to the surface of the water. Slowly, dropwise, 
pour the bromine into the phosphorus, seeing that the bromine has 
time to react. When the reaction between the bormine and the 
phosphorus terminates, heat the test tube for another 3-5 min, and 
then remove the receiver. Determine the concentration of the pre¬ 
pared acid. 

Properties of Hydrobromic Acid. 1. See how the prepared hydro- 
bromic acid acts on a metal (magnesium or zinc) and on calcium car¬ 
bonate. 

Add 1-2 drops of a silver nitrate solution to 1 ml of a hydrobromic 
acid. What do you observe? Write the equations of the reactions for 
all the processes occurring in the given experiment. 

HYDROGEN IODIDE 

Preparation of Hydroiodic Acid. (Perform the experiment in 
a fume cupboardl) Assemble an apparatus as shown in Fig. 56. Put 2 g 
of iodine and 0.5 g of red phosphorus into test tube 1. Pour 3-5 ml 
of water into test tube 4. The opening of the offtake tube must be as 
close as possible to the surface of the water in the receiver. Why 
must it not be submerged into the water? 

Carefully release one drop of water from the dropping funnel and 
see what happens. After the vigorous reaction terminates, again re¬ 
lease a drop of water from the funnel. When all the water is intro¬ 
duced into test tube 1, heat the test tube. What gas evolves? Does it 
dissolve well in water? Write the equations of the reactions. 

Properties of Hydroiodic Acid. 1. Test the obtained hydroiodic 
acid solution with litmus. Study its relation to metals (zinc, mag¬ 
nesium). 

2. Pour a hydroiodic acid solution into three test tubes. Add solu¬ 
tions of sodium acetate and lead acetate to the first tube, of silver 
nitrate (one or two drops) to the second one, and put a small piece of 
marble into the third tube. Write the equations of the reactions for 
all the processes occurring in the given experiment. 

HYDROGEN FLUORIDE 

Perform all work with gaseous hydrogen fluoride, and also with hy¬ 
drofluoric acid in a fume cupboard! When pouring hydrofluoric acid 
into a vessel, wear rubber gloves and eye protection or a mask. See that 
no drops of the acid get onto your skin. Thoroughly wash an affected 
area with water and put cotton wool wetted with a 10% calcium chloride 
solution on it. 
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Preparation of Hydrofluoric Acid. Put 5 g of fluorite and 1 g of 
gypsum into a Teflon (polytetrafluoroethylene), lead, or copper test 
tube (why is gypsum added?). Pour 5 ml of a 96% sulphuric acid sol¬ 
ution over the mixture, tightly close the test tube with a rubber 
stopper provided with a Teflon, lead, or copper gas-discharge tube. 
Lower the end of this tube into a Teflon, lead, copper, or paraffin- 
coated glass beaker containing 10 ml of water so that it only slightly 
touches the surface of the water (why?). Put an asbestos sheet be¬ 
tween the beaker and the Teflon test tube. To speed up the reaction, 
it is recommended to immerse the Teflon test tube into a beaker with 
hot water. Why must the test tube 
not be heated directly by the 
flame of a burner? 

Properties of Hydrofluoric Acid. 

1. See how the prepared hydro¬ 
fluoric acid solution acts on litmus 
and zinc. 

2. Pour a calcium chloride solu¬ 
tion into 1 ml of a hydrofluoric 
acid one. What do you observe? 

Write the equations of the reactions. 

The fluorides of what metals are 
soluble in water? How can you Fig. 57. Device for etching glass 
explain the low degree of dissocia- with hydrogen fluoride 
tion of hydrofluoric acid? What is 

the percent concentration of hydrogen fluoride in its azeotropic mix¬ 
ture with water and in commercial hydrofluoric acid? 

Etching of Glass with Hydrofluoric Acid. Cover a glass plate with 
a layer of paraffin. To do this, lower it into paraffin melted in a porce¬ 
lain bowl and immediately extract it. Make an inscription with 
a penknife on the paraffin-coated surface so as to uncover the surface 
of the glass. Make a small paraffin barrier at the edges of the in¬ 
scription. Pour a 10% hydrofluoric acid solution onto the para¬ 
ffin-coated plate and let it stand in a fume cupboard. After one 
or two hours, wash the solution off the plate and remove the para¬ 
ffin. What happened to the glass? Write the equations of the reac¬ 
tions. 

Etching of Glass with Gaseous Hydrogen Fluoride. (The experiment 
is performed by one student and demonstrated to the class.) 

Put a mixture of 5 g of calcium fluoride and 1 g of calcium sulphate 
into lead vessel 1 (Fig. 57). Put a paraffin-coated glass plate with 
an inscription onto lead support 2 with the inscription downward. 
Pour 5 ml of concentrated sulphuric acid onto the calcium fluoride 
and cover the vessel with its lead lid. In an hour, extract the plate 
with tongs, thoroughly wash it with water, and remove the paraffin. 
How does the surface of glass etched with gaseous hydrogen fluoride 
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differ from that etched with a soiution of hydrogen fluoride? How can 
the difference in etching be explained? 

How do the polarity, the Gibbs function, and the binding energy 
change in hydrogen halide molecules? How do the reducing 
properties and the strength of the hydrogen halide acids change? 

11.6 OXYGEN COMPOUNDS OF THE HALOGENS 

CHLORINATED LIME (BLEACHING POWDER) 

Preparation. (Perform the experiment in a fume cupboard !) Add 
10-15 ml of water to 2 g of pure slaked lime (calcium hydroxide) and 
stir thoroughly. Put the mixture in a small beaker cooled with ice 
(why is cooling needed?) and pass chlorine purified from hydrogen 
chloride (how can this be done?) through it during 10-20 min. Write 
the equation of the reaction. 

Properties. 1. Treat a part of the prepared substance with 10 ml 
of water and filter off the undissolved matter. Take a small amount 
of the solution and see how it acts on indigo and coloured fabric. 
Explain what you observe. 

Can carbonic acid displace hypochlorous acid from a solution of 
its salt? Compare the values of the dissociation constants of carbonic 
and hypochlorous acids (see Appendix 1, Table 9). 

2. Add a solution of 1 N sulphuric acid to a part of the prepared 
chlorinated lime solution until the reaction is acid and carefully 
smell the product. Write the equation of the reaction. What hap¬ 
pens to chlorinated lime when its concentrated solution is heated? 

How does the strength of the acids change in the series including 
hypochlorous, hypobromous, and hypoiodous acids? What ions do 
solutions of these acids contain? How do the stability and oxidizing 
effect of the acids change in this series? Explain the observed laws. 

POTASSIUM CHLORATE 

Preparation. (Perform the experiment in a fume cupboard , 
wear eye protection!) Pour 15-20 ml of a 50% potassium hydroxide 
solution into a beaker, heat it almost to boiling, and pass a stream 
of chlorine through it. Connect a small funnel to the outlet opening 
of the gas-discharge tube. The wide part of the funnel should contact 
the heated potassium hydroxide solution. See that the opening of 
the gas-discharge tube is not clogged with the formed salts. Write 
the equation of the reaction. How can you see that the reaction has 
terminated? Filter off the formed crystals on a funnel with a filter¬ 
ing bottom, and then recrystallize the salt from a minimum amount 
of hot water. Examine the shape of the crystals under a microscope. 
How can one prove that the prepared substance is potassium chlorate? 
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Properties. (Perform, the experiment in a fume cupboard,'.) 1. Put 
several potassium chlorate crystals into a small porcelain bowl and 
carefully wet them with 3-4 drops of a 96% sulphuric acid solution. 
What is observed? Perform a similar experiment with concentrated 
hydrochloric acid. What is observed in this case? Write the equa¬ 
tions of the reactions. What products form when potassium chlorate 
reacts with oxalic acid? 

2. Weigh 0.5 g of finely crystalline potassium chlorate and mix 
it with an equal amount of powdered sugar, using a rod (be careful!). 
Pour out the mixture onto the lid of a crucible and wet it with two 
or three drops of concentrated sulphuric acid. What occurs? What 
properties of potassium chlorate do the above experiments indicate? 

IODIC ACID 

Prepare a solution of iodic acid (see p. 109) and pour it into two 
test tubes. Pour a potassium iodide solution into one tube. What 
substance evolves? Pour an iron(II) sulphate solution into the other 
tube. What do you observe? Write the equations of the reactions. 
What properties of iodic acid do the above experiments indicate? 
Write the formulas of the iodine oxyacids. What oxygen compounds 
of iodine are known? How are they prepared? 


11.7 COMPARISON OF OXIDIZING PROPERTIES 

OF THE HALOGENS 

1. Pour 1 ml of a bromine water solution into a test tube, the same 
amount of an iodine water solution into another tube, dilute the 
solutions with 2-3 ml of water, introduce several drops of an organic 
solvent such as carbon tetrachloride, chloroform, or benzene into 
each of them, and vigorously shake them. While adding chlorine 
water dropwise to both test tubes and vigorously shaking them, watch 
the change in the colour of the organic solvent layer. Write the equa¬ 
tions of the reactions. 

2. Pour a drop each of potassium iodide and bromide and 3-5 drops 
of an organic solvent into a test tube. Add chlorine water dropwise, 
vigorously shake the contents, and watch how the colour of the sol¬ 
vent layer changes. Write the equations of the reactions. 

3. Prepare a little of a bromic acid solution. To do this, mix 2-3 
drops of a saturated potassium bromate solution with 1-2 ml of a 
dilute sulphuric acid solution. Throw a minute iodine crystal into 
the solution, mix the test tube contents several times, decant the 
solution, and add several drops of an organic solvent to it. What is 
observed? Write the equations of the reactions. Will brom ine 
displace iodine from iodic acid? 
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Arrange the halogens in a series according to their ability of displac¬ 
ing one another from solutions of the hydrogen halides and their 
salts, and also from oxygen compounds, and explain this phenome¬ 
non proceeding from the values of the standard oxidation-reduction 
potentials. Which of the halogens form a larger number of oxygen 
compounds? What is the essence of the phenomenon of secondary pe¬ 
riodicity observed in the group of halogens? 


SUPPLEMENTARY EXPERIMENTS 
AND SYNTHESES 

1. Preparation of Chlorine by Reacting Oxygen with Hydrogen 
Chloride. Assemble an apparatus as shown in Fig. 58, pour 3-5 ml 
of a 96 % sulphuric acid solution into each of wash bottles 1 and 2, 



Fig. 58. Apparatus for preparing chlorine by reacting hydrogen chloride with 
oxygen 


making sure that the openings for the discharge of the gases are 
submerged in the acid, and leave wash bottle 3 empty (it is intended 
for mixing the gases). Treat asbestos with a boiling saturated cop- 
per(II) chloride solution and dry it in a drying cabinet. Place the 
asbestos prepared in this way into quartz tube 4 accommodated in 
tubular furnace 5. Pour an indigo solution into wash bottle 6. Con¬ 
nect a gas meter with oxygen to wash bottle 1 and an apparatus for 
preparing hydrogen chloride to wash bottle 2. 

Heat the furnace to a temperature of 450-500 °C (use a thermocou¬ 
ple!) Adjust the rate of feeding the gases into wash bottle 3 in accor- 
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dance with the stoichiometric ratio of oxygen and hydrogen chlo¬ 
ride needed for the complete proceeding of the reaction. 

Why must the temperature not be raised above 600 °C? Write the 
equation of the expected reaction. How is the change in the colour 
of the indigo explained? 

2. Preparation of Purified Iodine. Dissolve 32 g of potassium 
iodide in 100 ml of water and 25 g of copper sulphate pentahydrate 
in 80 ml of water. Pour the solutions together into a 200-ml glass 
beaker and let the solution settle. Separate the precipitate from the 




Fig. 59. Preparation of purified iodine: 
a—apparatus for distillation with steam; 
6—apparatus for purifying dry iodine by 
sublimation 


liquid phase by decantation. Wash the precipitate with two 20-ml 
portions of a 20% potassium iodide solution. Combine all the solu¬ 
tions. 

Assemble an apparatus for distillation with steam (Fig. 59a). 
Transfer the aqueous solution of iodine into flask 4. Distil off the 
iodine. For this purpose, open the clamp on tee-piece 3 and heat the 
water in steam boiler 1 until it boils. Next regulate the rate of steam 
flow with the aid of the clamp and carefully heat flask 4. After the 
main part of the iodine gathers in glass tube 5, open the clamp and 
stop heating steam boiler 1 and flask 4. 
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Remove the iodine crystals from tube 5. Transfer them onto a 
glass plate, dry them with filter paper, and then put them in a de¬ 
siccator over a concentrated sulphuric acid solution overnight. 

Perform final purification of the iodine in the apparatus shown in 
Fig. 59b. Put the iodine in vessel 4. Cool it with liquid nitrogen. Con¬ 
nect the apparatus to a fore pump. Evacuate the apparatus with 
cock 2 open (40 min), then close the cock, fill tube 1 with cold water, 
remove the liquid nitrogen so that vessel 4 acquires room temperature, 
and carefully heat it with the flame of a burner. When sublimation 
of the iodine is completed, cool the apparatus, carefully open cock 2, 



Fig. 60. Apparatus for preparing iron(III) chloride 

and eliminate the vacuum. Extract tube 1 with iodine crystals de¬ 
posited on its outer side from the apparatus and transfer the crys¬ 
tals into a jar with a ground glass stopper. Calculate the yield in 
per cent. 

3. Preparation of Iron(III) Chloride. Assemble an apparatus for 
preparing dry chlorine (Fig. 60). Connect a Kipp gas generator with 
carbon dioxide via a tee-piece to the flask for preparing chlorine, 
and connect a retort to the wash bottles. (The retort can be replaced 
with a refractory glass tube.) Put 0.5 g of iron wire or shavings into 
the neck of the retort. Dry the apparatus and heat the iron wire in 
a stream of dry carbon dioxide with slight heating of the retort neck 
with a burner during 15-20 min. Stop the carbon dioxide stream, 
fill the apparatus with dry chlorine, and carefully heat the retort 
neck with the flame of a burner. Next, continuing to pass chlorine 
through the apparatus, heat the spot where the iron is more strongly. 
What is observed? Remove the burner if the wire becomes very hot. 
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When the reaction terminates, cool the retort in a chlorine stream, 
then displace the chlorine with a stream of dry carbon dioxide. Rap¬ 
idly disconnect the retort from the wash bottles and remove the 
remaining unreacted metallic iron through its neck. Pour out the 
iron chloride through the tubulature of the retort into a prelimi¬ 
narily weighed dry test tube drawn out at its middle. Immediately 
seal the tube (wear eye protection!) and weigh it. Write the equation 
of the reaction. Calculate the yield in per cent. 

Pour a little water into the retort with the residual iron chloride 
and immerse litmus paper into the solution. Explain what happens. 
Write the equation of the reaction. 

4. Preparation of Nickel, Cobalt, or Chromium Chloride. When 
working with chlorine for a long period, prepare it by reacting con- 



Fig. 61. Apparatus for preparing metal (nickel, cobalt, chromium) chlorides 


centrated hydrochloric acid with potassium permanganate. As¬ 
semble an apparatus for preparing dry chlorine (Fig. 61). Leave the 
first wash bottle connected to the reaction flask empty or fill it with 
water. Why? Connect a Kipp gas generator with carbon dioxide 
to the system via a tee-piece. Connect the apparatus to quartz (or 
porcelain) tube 1 placed in tubular furnace 2. Close the outlet open¬ 
ing of the tube with a stopper provided with bent tube 3 ending 
in a funnel. A solution of what substance must be poured into 
crystallizer 4 for absorbing the excess chlorine? 

Spill 0.5 g of powdered metallic nickel (cobalt or chromium) into 
a boat and place it in the middle part of the quartz tube. Switch 
on the furnace. Dry the system with a stream of dry carbon dioxide 
during 30-40 min at 150-200 °C (use a thermocouple). Stop the car¬ 
bon dioxide stream and fill the apparatus with dry chlorine. How can 
one tell that the apparatus is filled with chlorine? Raise the furnace 
temperature to 700-750 °C. (When synthesizing chromium chloride. 
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the furnace temperature must be at least 750 °G.) Perform chlorina¬ 
tion during one hour, keeping the chlorine stream sufficiently inten¬ 
sive. The chlorides of the indicated metals can sublime, therefore see 
that the outlet opening of the tube does not get clogged with the reaction 
products. Switch off the furnace and let the tube cool in a chlorine 
atmosphere. 

After cooling the tube, displace the chlorine with a stream of dry 
carbon dioxide. Transfer the preparation into a preliminarily weighed 
drawn out test tube (i.e. a tube with one end drawn out to a narrower 
diameter) and seal it (wear eye protection!). Calculate the yield in 
per cent. What is the colour and composition of the prepared sub¬ 
stance? 

5. Preparation of Ammonium Iodide. Put 10 g of the sublimed 
iodine and pour 50 ml of water into a 250-ml beaker. Simultaneously 
pour a 20% ammonia solution (40 ml) and a concentrated solution 
(30%) of hydrogen peroxide into the mixture from two dropping 
funnels. Stir the solutions with a mechanical mixer. Add the am¬ 
monia and hydrogen peroxide solutions until the colour vanishes 
completely; the latter should not reappear when the mixture is left 
standing for 10-15 min. 

Evaporate the solution in a porcelain bowl in a water bath up 
to one-fourth of its initial volume. See that the ammonium iodide 
crystals formed when the liquid evaporates are not overheated on 
the bowl walls. If the solution becomes yellow during evaporation, 
add NH 3 -H 2 0 or H 2 0 2 to it dropwise. Cool the bowl containing the 
solution with ice and rapidly filter off the crystals on a glass filter 
No. 2. Dry the ammonium iodide in a desiccator over phosphoric 
anhydride up to a constant mass (3-5 days). Write the equation of 
the reaction. 

Purify the dry ammonium iodide by sublimation in the appara¬ 
tus shown in Fig. 625. Take off the “head” of the apparatus and care¬ 
fully spill the ammonium iodide onto its bottom. See that the sub¬ 
stance does not get onto the walls of the vessel. 

Assemble an apparatus for the preparation of dry ammonia (Fig. 
62a). To do this, put solid sodium hydroxide (wear eye protection 
and handle the alkali with a porcelain spoon!) into two-neck bottle 1 
or a Wurtz flask. Pour a 25 % ammonia solution into dropping fun¬ 
nel 2. Put soda lime or a granulated alkali into drying columns 3. 
Pour glycerin or vaseline oil (a bubble counter) into wash bottle 4. 

Displace all the air from the apparatus with a stream of ammonia. 
Connect the apparatus to cock 2 of the sublimation apparatus (Fig. 
625). Fill the system with ammonia by opening cocks 2 and 1, and 
heat the part of the apparatus accommodating the ammonium iodide 
in a tubular furnace until sublimation begins (about 200 °C) (use 
a thermocouple). Regulate the rate of ammonia flow and of furnace 
heating so that the ammonium iodide will decompose as little as 
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possible and will not escape through cock 1. If during sublimation 
iodine is deposited on the walls of the apparatus, remove it by heat¬ 
ing them with a burner while passing a strong stream of ammonia 
through. 

When sublimation has been completed, transfer the substance from 
the vessel into a weighed weighing bottle and weigh it. Calculate 
the yield in per cent. Store ammonium iodide in a sealed ampoule. 

6. Preparation of Potassium Iodide. Put 1-2 g of iron shavings 
or reduced iron, 25 ml of water, and the calculated amount of iodine 
into a small conical flask. Slightly heat the mixture up to complete 




Fig. 62. Apparatus for preparing ammonia (a) and apparatus for purifying 
ammonium iodide by sublimation in an ammonia stream (6) 


dissolution of the iodine. Pour the liquid over the unreacted iron 
into another small flask, heat it up to boiling, and gradually add a 
solution containing 7 g of potassium carbonate in 20 ml of water to 
the boiling solution. What do you observe? What is the precipitate? 

Continue heating the reaction mixture until a transparent sample 
of the solution no longer contains iron. (How can this be checked?) 
Keep the volume of the solution constant. 

When the reaction has terminated, filter off the precipitate and 
evaporate the solution in a bowl on a water bath until a film forms. 
What is the composition of the precipitated crystals? Cool the solu¬ 
tion to 0 °C, filter off the crystals on a Buchner funnel, and dry them 
in a drying cabinet. Transfer the dry crystals into a previously weighed 
weighing bottle, weigh it, and calculate the yield in per cent. 
Write the equations of all the reactions. 

7. Preparation of Cadmium Iodide. Put 5 g of cadmium precipi¬ 
tated by zinc from a cadmium salt solution and 6 g of freshly sub¬ 
limed iodine into a 250-ml flask provided with a reflux condenser (see 
Fig. 21). Pour in 50 ml of distilled water and boil the mixture up to 
complete decolouration of the solution. Filter the latter through a 
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paper-filter, evaporate the filtrate on a water bath until crystals ap¬ 
pear, and then cool them to 0 °C. Examine the shape of the crystals 
under a microscope. Filter off the crystals on a Buchner funnel, wash 
them on a filter with small portions of cold water, transfer them to 
a watch glass, and dry them in a desiccator over phosphorus(V) 
oxide up to a constant mass. Transfer the substance to a previously 
weighed weighing bottle. Calculate the yield in per cent. 

8. Preparation of Potassium Bifluoride. (Perform the experiment 
in a fume cupboard , wear rubber gloves!). Pour 25 ml of a 40% hydro¬ 
gen fluoride solution into a plati- 

g. num (nickel) bowl. Cool the bowl 

1 1 with an ice and salt mixture. In¬ 

troduce the calculated amount of 
potassium carbonate in small por¬ 
tions into the acid solution while 
stirring (until evolution of a gas 
stops), after which check the reaction 
of the solution. The latter should be 
slightly acidic (a pH of about 6). 
Dilute the solution with distilled 
water (40 ml) and filter it through 
a smooth filter placed in a paraffin- 
coated glass funnel. Evaporate the 
Fig. 63. Test tube for dehydrat- filtrate in a platinum bowl on a 
ing potassium bifluoride in va- water bath until crystallization be- 
cuum gins, next cool it to 0 °C, and fil¬ 

ter off the precipitated crystals on 
a Buchner funnel. Transfer the crystals onto a watch glass and dry 
them in a desiccator over phosphorus(V) oxide up to a constant mass 
(at least a day). Write the equation of the reaction. Calculate the 
yield in per cent. 

For dehydration, place the platinum (nickel) crucible with the 
prepared salt (~5 g) into a test tube with a standard ground-glass 
joint (Fig. 63). Preliminarily weigh the crucible and the salt with 
an accuracy up to 0.01 g. Connect the test tube to a vacuum system. 
Evacuate it (10~ x mmHg) first at room temperature during 10-20 min, 
and then at 150 °C on an oil bath or a bath with Wood’s alloy. De¬ 
hydrate the substance up to a constant mass. Calculate the compo¬ 
sition of the product according to the change in its mass. 

9. Preparation of Potassium Bromate. Pour 30 ml of a 40% potas¬ 
sium hydroxide solution into a porcelain beaker and carefully heat 
it. Add 1 ml of bromine to the solution from a dropping funnel whose 
tube must reach the bottom of the beaker. Do this very slowly while 
continuously stirring the solution. Next saturate the solution with 
chlorine (for what purpose?). 

To determine the end of the reaction, take a small amount of the 
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solution, dilute it with water, boil it up to complete removal of 
bromine and chlorine (starch iodide paper should not change its 
colour), and add phenolphthalein. The colour of the solution should 
not change. Cool the solution to room temperature, filter off the 
separated crystals using a Buchner funnel, and dry them in the air. 
Calculate the yield in per cent. 

Heat a small amount of the potassium bromate in a test tube and 
detect the evolving oxygen. Write the equations of the reactions. 

10. Preparation of Iodic Acid. (Perform the experiment in a fume 
cupboard!) Weigh 1 g of iodine in a porcelain bowl, carefully add the 



calculated amount of fuming nitric acid (d = 1.5), place the bowl 
on a water bath, and slightly heat it. What is the boiling point of 
nitric acid of the indicated concentration? What is the highest tem¬ 
perature to which the bath can be heated? 

Heat the bowl with its contents until the iodine dissolves com¬ 
pletely. Heat the bath up to boiling and evaporate the solution until 
dry only after the colour of iodine vanishes. Acquaint yourself with 
the properties of iodic acid (see p. 101). 

11. Preparation of Iodine Trichloride. Assemble an apparatus 
as shown in Fig. 64a. Prepare chlorine in flask 4 by reacting con¬ 
centrated hydrochloric acid with potassium permanganate. Dry and 
pure chlorine condenses in flask 1 placed in vessel 3 containing dry 
ice. There should be about 20 ml of liquid chlorine. Rapidly sub¬ 
stitute funnel 2' for stopper 2 and introduce 10 g of crushed dry io¬ 
dine in small portions into the flask during 20-30 min. After 
introducing each portion, close the flask with the stopper and shake 
the reaction mixture. After introducing all the iodine, disconnect 
flask 1 from the apparatus for preparing chlorine and let it stand in 
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the dry ice for one hour. Remove the excess chlorine from the flask 
by evaporation at room temperature and then under a vacuum by 
a water-jet pump. 

Transfer the iodine trichloride from the flask into a weighed drawn 
out test tube. Cool the tube with dry ice and rapidly seal it (wear 
eye protection!). Weigh the test tube with the substance and the re¬ 
maining fragments of the tube. Calculate the yield in per cent. Write 
the equation of the reaction. Use the prepared iodine trichloride in 
the following syntheses. 

12. Preparation of Tetrachloroiodic Acid Tetrahydrate. Prepare 

iodine trichloride or use the already prepared substance. Put 10 g 
of the iodine trichloride into a round-bottomed flask provided with 
a dropping funnel on a ground-glass joint. Pour 30 ml of concentrated 
hydrochloric acid preliminarily saturated with hydrogen chloride 
at 0 °C from the funnel into the reaction flask. The density of the 
acid must be at least 1.19 g/cm 3 . Saturate commercial hydrochloric 
acid with hydrogen chloride at 0 °C during 1-1.5 h. Stir the contents 
of the flask by vigorously shaking it during 5-10 min and cool it 
to —30 °C. After 30 min, replace the dropping funnel with transfer 
tube 5 (see Fig. 64a) and transfer the reaction mixture onto a glass 
filter No. 2 adapted for filtration without the access of air with cool¬ 
ing (Fig. 645) and filter it. Put the formed crystals in a glass weigh¬ 
ing bottle. 

13. Preparation of Potassium Tetrachloroiodate Dihydrate. Dissolve 
18 g of iodine trichloride in 20 ml of concentrated hydrochloric acid 
with vigorous stirring in a round-bottomed flask with a ground- 
glass stopper. Cool the solution to 0 °C and add to it a mixture of 5 g 
of potassium chloride and 12 ml of a concentrated hydrochloric 
acid solution. Dilute the reaction mixture to twice its volume with 
concentrated hydrochloric acid cooled to 0 °C. 

After 30-40 min, rapidly filter off the formed potassium tetra¬ 
chloroiodate crystals on a filter No. 2 and wash them two or three 
times with concentrated hydrochloric acid cooled to 0 °C. Dry the 
crystals in a desiccator over sulphuric acid. Weigh the substance 
and seal it in an ampoule. Calculate the yield in per cent. 


SULPHUR, SELENIUM, TELLURIUM 

Indicate the position of the sulphur subgroup elements in Mendeleev’s 
periodic table of the elements, the electron configurations and the 
size of their atoms, and the oxidation states they exhibit. 
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12.1 SULPHUR AND ITS COMPOUNDS 

Write the electron configuration of a diatomic sulphur molecule 
and compare it with that of an oxygen molecule. 


PROPERTIES OF SULPHUR 

Rhombic Sulphur. Pour 4-5 ml of chloroform into a dry test tube 
(in a fume cupboard!) and spill in a sulphur powder in small por¬ 
tions, shaking the contents of the tube, until a saturated solution 
forms. Filter the solution into a porcelain bowl (do not wet the filter 
with water, why?), cover it with a glass, and let it stand in the fume 
cupboard for slow evaporation. Put a drop of the solution on a slide, 
cover it with a cover glass, and observe under a microscope how the 
crystals grow. Draw the sulphur crystals. 

Monoclinic Sulphur. Fill a small porcelain or chamotte crucible 
with sulphur, and slowly melt it. The melt should occupy at least 
half of the crucible. Cool the latter until a crystalline crust forms. 
When the crust almost covers the melt, rapidly pour out the remain¬ 
ing molten sulphur into a beaker of water. Examine the crystals 
formed with a magnifying glass and draw them. 

Dissolve two or three of the crystals in chloroform on a watch 
glass, and after evaporation of the solvent, examine the shape of 
the newly formed crystals. What structure of the molecules corre¬ 
sponds to the obtained sulphur modifications? 

Changes in Sulphur When Heated. Half fill a test tube with pieces 
of sulphur and, while holding it in your hand with the aid of for¬ 
ceps, slowly heat it in the flame of a burner. Watch the melting and 
the subsequent changes in the colour and viscosity of the sulphur. 
Explain the phenomena that occurred. 

Preparation of Plastic Sulphur. Heat sulphur until it boils and 
pour it out in a thin stream into a crystallizer with cold water. Ex¬ 
tract the solid substance from the water and dry it between sheets 
of filter paper. Test the ductility of the sulphur and its solubility 
in chloroform. Keep part of the sulphur for the next lesson and again 
study its physical properties. What molecules does plastic sulphur 
consist of? 


HYDROGEN SULPHIDE 

Hydrogen sulphide is poisonous! Perform all experiments with it 
in a fume cupboard. Immediately take a student poisoned by hydrogen 
sulphide from the laboratory into the fresh air or let him or her inhale 
pure oxygen. 
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Preparation. Put 1-2 g of iron sulphide into a test tube and pour 
in 5-8 ml of a 20% hydrochloric acid solution. Close the tube with 
a stopper provided with a drawn out gas-discharge tube (see Fig. 42). 

Properties. 1. What odour does the evolving gas have? Light 
the hydrogen sulphide with a burning splinter, hold a wet piece of 
litmus paper over the flame, and watch how its colour changes. Write 
the equation of the reaction. 

2. Introduce the cold lid of a crucible into the hydrogen sulphide 
flame. What appears on the surface of the lid? Write the equation of 
the reaction. 

3. Pour bromine water, chlorine water, and acidified solutions of 
potassium permanganate and dichromate into separate test tubes. 
Pass a stream of hydrogen sulphide through all the tubes. What hap¬ 
pens? Write the equation of the reactions. What property of hydro¬ 
gen sulphide is indicated by the occurring phenomena? 

Test an aqueous hydrogen sulphide solution with litmus. What 
do you observe? Find the dissociation constants of hydrosulphuric 
acid in a textbook. 

METAL SULPHIDES 

Preparation of Metal Sulphides from the Elements. ( Perform 
the experiment in a fume cupboard!) Copper Sulphide. Fill one-third 
of a test tube with sulphur and heat it up to boiling. The sulphur 
vapour should fill the entire tube. Hold a piece of copper gauze or 
foil with pincers, heat it in the flame of a burner until red hot, and 
rapidly introduce it into the sulphur vapour. What happens? Write 
the equation of the reaction. How does copper sulphide react with 
water and hydrochloric acid? 

Aluminium Sulphide. Weigh 1 g of aluminium powder and the 
calculated amount of finely triturated sulphur, and thoroughly mix 
the reactants. Spill out the mixture in a mound onto a metal plate 
and put a magnesium ribbon in the middle so that its upper end 
protrudes 1-2 cm above the mixture. Ignite the magnesium (in a fume 
cupboard with a lowered glass window!). How can you explain the hy¬ 
drogen sulphide odour of the aluminium sulphide? 

Throw a small amount of aluminium sulphide into a test tube 
with hot water. Explain what occurs. Write the equations of the 
reactions. 

Iron Sulphide. Prepare 5 g of a mixture of sulphur and a powder 
of reduced iron taken in equivalent amounts, transfer it into a test 
tube, secure the latter in the clamp of a stand, and heat the bottom 
of the tube on a strong flame until a reaction begins. As soon as this 
occurs, remove the burner. What is observed? Write the equation of 
the reaction. How can you prove that the compound obtained is a 
sulphide? Test the reaction of iron sulphide with hydrochloric acid. 
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Zinc Sulphide. Using equivalent amounts of zinc (a powder) and 
sulphur, prepare about 5 g of a mixture, put it on a metal plate, and 
heat it (i carefully , in a fume cupboard!). What occurs? Write the 
equation of the reaction. See how zinc sulphide interacts with water 
and hydrochloric acid. 

Preparation of Metal Sulphides by an Exchange Decomposition 
Reaction. Precipitation with Ammonium Sulphide. Pour 2 ml each 
of solutions of iron(II), manganese(II), zinc, cadmium, lead, anti¬ 
mony, and copper salts into separate test tubes. Add 2 ml of an am¬ 
monium sulphide solution to each tube. Note the colour of the formed 
precipitates. Write the equations of the reactions and the values 
of the solubility products of the sulphides of these metals (see Ap¬ 
pendix 1, Table 12). Using the concept of the solubility product, 
explain the process of precipitation of sulphides under these condi¬ 
tions. 

Test the reaction of a 3 % hydrochloric acid solution with the metal 
sulphides, taking a small amount of them. Explain the different reac¬ 
tion of hydrochloric acid with metal sulphides. 

Precipitation with Hydrogen Sulphide. Test the effect of hydrogen 
sulphide on the solutions of the same salts using hydrogen sulphide 
water for this purpose or passing hydrogen sulphide from a Kipp gas 
generator through the solutions (thoroughly wash the gas-discharge 
tube after each experiment). 

Explain why precipitates form only in some of the solutions. 
What substances form when hydrogen sulphide reacts with solu¬ 
tions of iron(II) salts? Classify the studied metal sulphides ac¬ 
cording to their^olubility in water and acids. 

Properties of Water-Soluble Sulphides. Dissolve sodium sulphide 
in water. Pour the solution into two test tubes. Test the reaction of 
the sodium sulphide solution with indicators (phenolphthalein, 
litmus). How can you explain what occurs? Pass a stream of carbon 
dioxide through the solution in the second tube. Note the odour of 
the evolving gas. Write the equation of the reaction. 

What will happen to the sodium sulphide if it is left in an open 
beaker? Explain the processes occurring in a sodium hydroxide solu¬ 
tion when hydrogen sulphide is passed through it. 


SULPHUROUS ACID ANHYDRIDE 

{Perform the experiments in a fume cupboard!) 

Preparation. 1. What forms when sulphur burns in the air? 

2. Put several sodium sulphite crystals into a test tube and add 
2-3 drops of a 70% sulphuric acid solution. Write the equation of 
the reaction and explain the direction of the process on the basis of 
the law of mass action. 
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3. Assemble an apparatus (see Fig. 53a), replacing the second wash 
bottle with a dry U-tube ( wear eye protection!). Pour a small amount 
of a 96% sulphuric acid solution into the first wash bottle. Put the 
U-tube into a bath cooled by a mixture whose temperature should 
be below —10 °C. Put 5-10 g of copper shavings into a Wurtz flask 
and pour the calculated amount of a 96 % sulphuric acid solution over 
them. Heat the reaction flask strongly in a sand bath until the in¬ 
tensive evolution of gas begins, after which remove the burner. Watch 
the temperature of the cooling mixture. What gathers in the U-tube? 
Write the equation of the reaction. 

Properties. 1. Pour several drops of liquid sulphurous acid anhy¬ 
dride into a 50-ml thick-walled bottle (see Fig. 535). After its evapo* 
ration, cover the mouth of the bottle with a stopper provided with 
a drawn out glass tube. Invert the bottle with the gas, and in this 
position immerse it into a bath with water. Explain what occurs. 
Write the equation of the reaction. What equilibria set in when 
sulphurous acid anhydride is dissolved in water? 

What salts form consecutively when sulphur dioxide is passed 
into a sodium hydroxide solution? What products form when these 
salts are roasted? 

2. Pour 5 ml each of chlorine water, bromine water, and of potas¬ 
sium permanganate and dichromate solutions acidified with sulphur¬ 
ic acid into separate test tubes. Pass a stream of sulphur dioxide 
gas into the test tubes in turn or pour in a small amount of a sul¬ 
phurous acid solution. What happens? Write the equations of the 
reactions. What properties does sulphur dioxide exhibit? 

3. Pour 1-2 ml of hydrogen sulphide water and a sulphurous acid 
solution into a test tube. What occurs? Write the equation of the 
reaction. What properties does sulphurous acid exhibit in the given 
case? Identify the products formed when gaseous sulphur dioxide 
and hydrogen sulphide react. 

4. Pour 2 ml of a fuchsin (magenta) solution into a test tube and 
pass a stream of sulphur dioxide through it. What happens? Boil 
the solution. Comment on your observations. How can the occurring 
phenomena be explained? 

SULPHURIC ACID AND ITS SALTS 

Properties of Sulphuric Acid. (Perform the experiments in a fume 
cupboard!) Interaction of Concentrated Sulphuric Acid with Water. 
Pour 10-15 ml of water into a beaker, measure its temperature, and 
without extracting the thermometer, add 2 ml of a 96% solution of 
sulphuric acid. Record the thermometer readings. In what sequence 
must water and concentrated sulphuric acid be poured together to 
prepare solutions of various concentrations? 
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Action of Sulphuric Acid on Organic Substances. 1. Immerse a splin¬ 
ter into a test tube containing a small amount of concentrated sul¬ 
phuric acid. What occurs? 

2. Prepare 2-3 ml of a sulphuric acid solution (1 : 1). Wet the 
tip of a glass rod with this solution and make an inscription on a 
sheet of white paper. Carefully heat the paper to dry it. What hap¬ 
pens? What properties of sulphuric acid do the above experiments 
indicate? 

3. Put 10 g of powdered sugar into a 50-ml beaker, wet it with 
water until a thick paste forms, and then add 3-5 ml of concentrated 
sulphuric acid. Rapidly stir the contents with a glass rod and see 
what happens. What gaseous substances are obtained? 

Action of Sulphuric Acid on Non-Metals. Pour 2-3 ml of a 96% 
sulphuric acid solution into each of two test tubes, introduce a small 
piece of sulphur into one of them and coal into the other, and care¬ 
fully heat them. What occurs? Write the equation of the reaction. 

Action of Sulphuric Acid on Metals. Pour 2-3 ml of concentrated 
sulphuric acid into a test tube and lower several pieces of iron wire 
into it. What is observed? Carefully heat the test tube. Do you notice 
any change now? What properties does sulphuric acid exhibit in this 
case? What is the difference between the action of concentrated and 
dilute sulphuric acid on metals? What explains the greater strength 
and stability of sulphuric acid in comparison with sulphurous acid? 

Thermal Stability of Sulphates. 1. Put 1-2 g of sodium bisulphate 
into a small porcelain bowl or crucible. First carefully heat it, and 
then strongly roast it. What compounds form? Write the equations of 
the reactions. 

2. Put several iron^H) sulphate crystals on the lid of a porcelain 
crucible, heat them, and then strongly roast them. Hold litmus 
paper wetted with water over the crystals. What happens? Write the 
equation of the reaction. 

3. Run a similar experiment with gypsum and Glauber salt. 

What does the different thermal stability of the oxygen-con¬ 
taining salts of sulphur'and of the corresponding acids depend on? 


SODIUM THIOSULPHATE 

Preparation. Put 3.5 g of sodium sulphite and 50 ml of water 
into a small conical flask. Weigh 2.5 g of flowers of sulphur and, 
after wetting the sulphur with ethanol (why?), transfer it into the 
flask with the sodium sulphite solution. Heat the mixture up to boil¬ 
ing. The end of the process is featured by a neutral reaction of the 
solution with litmus. Filter the hot solution and evaporate it on 
a water bath up to the beginning of crystallization. Filter off the 
crystals that precipitated after cooling in a Buchner funnel. Write 
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the equation of the reaction. Write the graphic formula of sodium 
thiosulphate. 

Properties. 1. Dissolve several sodium thiosulphate crystals in 
a small amount of water and add 1-2 ml of a hydrochloric acid solu¬ 
tion. What is observed? Write the equation of the reaction. 

2. Put several sodium thiosulphate crystals on the lid of a crucible 
and first carefully, and then strongly heat them. What do you ob¬ 
serve? Write the equation of the reaction. What substances form 
when sodium thiosulphate decomposes? Prove this. 

3. Pour 3-4 ml of chlorine water into a test tube and add a sodium 
thiosulphate solution dropwise until the chlorine odour vanishes. 
Write the equation of the reaction. Why is sodium thiosulphate 
called “antichlorine”? 

4. Perform a similar experiment with iodine water. Write the equa¬ 
tion of the reaction. 

Why are various products of sulphur oxidation obtained when 
chlorine and iodine water react with sodium thiosulphate? What forms 
when bromine water reacts with sodium thiosulphate? What is the 
commercial name of sodium thiosulphate? 

12.2 SELENIUM AND TELLURIUM 

Selenium and tellurium compounds are poisonous! The experiments 
are demonstrated by the instructor! 

Selenium and its compounds are strong poisons. Selenium halides, 
hydrogen selenide, and the oxygen compounds of selenium soluble 
in water are the most toxic. 

Symptoms of poisoning are irritation of the respiratory tracts 
and eyes, a protracted cold in the head, and headaches. 

As regards the nature of their action on a human organism, tel¬ 
lurium and its compounds are similar to the inorganic compounds 
of selenium and arsenic. Hydrogen telluride is the most toxic. Tel- 
lurium(IV) oxide and aqueous solutions of the salts of tellurous and 
telluric acids are also toxic. Only tellurium (“metallic”) is not toxic 
if it gets into an organism. 

Indications of poisoning by tellurium salts are an odour of garlic 
of the exhaled air, a headache, accelerated breathing and pulse, a 
feeling of fatigue and dizziness. 

SELENIUM(IV) AND TELLURIUM(IV) OXIDES 

Properties of Selenium(IV) Oxide. 1. Test the reaction of sele- 
nium(IV) oxide with water, and also with solutions of acids and 
alkalies. Write the equations of the reactions. 

2. Add solutions of tin(II) chloride and sulphurous acid to sele- 
nous acid solutions in separate test tubes. Heat the contents of the 
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tubes. What is observed? What properties of selenous acid do these 
reactions indicate? Write the equations of the reactions. 

3. Add potassium permanganate and dichromate solutions re¬ 
spectively to two test tubes containing selenous acid solutions aci¬ 
dified with sulphuric acid. Heat the contents of the test tubes. What 
do you observe? Write the equations of the reactions. What properties 
does selenous acid exhibit in this case? 

Properties of Tellurium(IV) Oxide. 1. Test the reaction of tellu- 
rium(IV) oxide with water, and also with solutions of sodium hydro¬ 
xide and hydrochloric acid with heating. Write the equations of the 
reactions. 

2. Add tin dichloride and sulphurous acid solutions respectively 
to two test tubes containing solutions of tellurium(IV) oxide in 
hydrochloric acid diluted with water. Heat the contents of the 
test tubes. Comment on your observatioss. Write tjie equations of 
the reactions. What property do the salts of tetravalent tellurium 
exhibit in the given reactions? 

Compare the physical and chemical properties of sulphurous, se¬ 
lenous, and tellurous acids (see Appendix 1). 

SUPPLEMENTARY EXPERIMENTS 
AND SYNTHESES 

1. Preparation of Hydrogen Sulphide from Its Elements. (Perform 
the experiment in the presence of your instructor!) Assemble an appa¬ 
ratus as shown in Fig. 65 and check 
its tightness. Put 1-2 g of sulphur 
into test tube 2 and close it with 
a stopper provided with two bent 
tubes (test tube 2 can be replaced 
with a Wurtz test tube). Pour a 
small amount of a copper sulphate 
solution into wash bottle 3. Con¬ 
nect a Kipp gas generator produc¬ 
ing hydrogen to test tube 2 via 
wash bottle 1 containing concen¬ 
trated sulphuric acid. Check the 
tightness of the apparatus again. 

Pass a stream of hydrogen Fig . 65 

Apparatus for preparing 

through the apparatus and test its hydrogen sulphide from its ele- 
purity (how can this be done?), ments 
Without stopping the supply of 

hydrogen and carefully heating test tube 2 with the flame of a burn¬ 
er, melt the sulphur. What happens to the copper sulphate solu¬ 
tion? Remove the burner and let the apparatus cool in a stream of 
hydrogen. Write the equations of the reactions. 
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2. Preparation of Sodium Bisulphide. Assemble an apparatus 
as shown in Fig. 66. Fill drying columns 4 with phosphorus(V) oxide 
placed on glass wool. Weigh 2-2.5 g of metallic sodium, wash it with 
benzene and diethyl ether, thoroughly remove the oxide film from 
its surface, cut the sodium up into small pieces, and put them into 
test tube 2. Pour 75 ml of absolute ethanol into 150-200-ml round- 
bottomed flask 1. Fill the apparatus with dry argon (nitrogen) via 
tube 3. 

By turning test tube 2 about the ground-glass joint during 10- 
15 min, introduce the taken amount of sodium into reaction flask 1. 



After complete dissolution of the metal (the solution may be slightly 
turbid), pass a strong stream of dry hydrogen sulphide through tube 
3 during one hour. 

If a substantial amount of sulphur precipitates during the reac¬ 
tion, filter the solution in an inert argon or nitrogen atmosphere 
through a glass filter No. 2 (see Fig. 645). The receiver for the fil¬ 
trate must be clean and dry. Keep the inert atmosphere and add 
250-300 ml of absolute diethyl ether to the filtrate, introducing it in 
20-25-ml portions every 10 minutes. 

Separate the precipitated sodium bisulphide crystals by means 
of a glass filter No. 2, wash it with absolute diethyl ether, and trans¬ 
fer it for drying into a test tube with a ground-glass joint. Connect 
the test tube to a vacuum system and keep it under a vacuum 
(10- 1 mmHg) at 20°C during 30 minutes. Put the dry preparation 
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into a previously weighed weighing bottle, weigh it, and calculate 
the yield in per cent. 

3. Preparation of Sodium Sulphide. Assemble an apparatus as 
shown in Fig. 67. Put 0.2 g of finely triturated highly pure sulphur 
into test tube 1 with a ground-glass joint, and lower the tube into 
a beaker with a mixture of dry ice and acetone. Connect a source of 
dry ammonia (see Fig. 62a) to cock 
3 of the apparatus, open cock 4, 
and fill the apparatus with ammo¬ 
nia. Put 2 g of metallic sodium 
thoroughly purified of oxide films 
and washed with benzene and 
diethyl ether onto filter 2. Pass am¬ 
monia through the apparatus until 
test tube 1 is filled with liquid am¬ 
monia up to one-third of its vol¬ 
ume, after which disconnect the 
apparatus for preparing ammonia. 

Close cocks 3 and 4, remove the 
cooling beaker from test tube 1, 
and put dry ice wetted with acetone 
into beaker 5 with double walls. 

Repeatedly remove the cooling 
agent and supply it to test tube 1 
and beaker 5 so that the liquid am¬ 
monia will dissolve the metallic 
sodium on filter 2. (Open cock 4 
from time to time to relieve the 
excess pressure of the ammonia.) 

By strongly cooling test tube 1, 

“suck in” the solution of metallic 
sodium in liquid ammonia into Fig. 67. Apparatus for preparing 
the solution of sulphur in liquid sodium sulphide 

ammonia. Repeat this operation 

several times. After the reaction has terminated, remove the cool¬ 
ing, and let the ammonia evaporate through cock 4. Connect the 
apparatus (cock 3) through a drying column with soda lime or an 
alkali to a water-jet pump and evacuate it during 20 min. Transfer 
the preparation into a previously weighed weighing bottle, weigh 
it, and calculate the yield in per cent. 

Carefully (with your instructor's assistance!) wash the vessel with 
small portions of ethanol because traces of unreacted metallic sodi¬ 
um may remain on the walls of the test tube and the filter. (When 
the sodium residues are slaked with ethanol, the sodium may ignite!) 

4. Preparation of Sulphur Chlorides, (a) Preparation of a Mixture 
of Sulphur Chlorides. ( Perform, the experiment in a fume cupboard!) Melt 
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3 g of sulphur in a retort and cover its walls with a thin layer of 
liquid sulphur by turning it. Connect the retort as indicated in 
Fig. 68 to an apparatus for preparing dry chlorine. Immerse the neck 
of the retort into a small flask cooled by ice. Close the mouth of the 
flask with cotton wool. Slightly heat the part of the retort containing 



the sulphur with the flame of a burner and pass a stream of dry chlo¬ 
rine through the retort. What gathers in the receiver? Write the equa¬ 
tion of the reaction. Stop the experiment when 5-6 ml of sulphur chlo¬ 
ride gather. What colour does the compound have? 

Pour the liquid into four test tubes (in a fume eupboard, wear 
eye protection!). Carefully add water to one of them, and introduce 
some sulphur into another one. What happens? Write the equations 
of the reactions. Keep two test tubes with sulphur chloride for the 
following experiments. 

(b) Preparation of Sulphur Dichloride. (Perform the experiment in 
a fume cupboard!). Put a test tube with sulphur chloride obtained 
in the preceding experiment into a beaker with ice and pass a strong 
stream of dry chlorine through the liquid. How does the colour of 
the liquid change? 

Pour a little of the obtained liquid into a small porcelain bowl 
and leave it in the fume cupboard. What happens? Write the equa¬ 
tions of the reactions. 

5. Preparation and Purification of Sulphur Monochloride. (Per¬ 
form the experiment in a fume cupboard!) Assemble the setups shown 
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in Fig, 69a and b. Put 13 g of commercial sulphur into a test tube 
(Fig. 69a). Heat the tube in a sand bath or a bath with Wood’s alloy 
up to 150-200°C. 

Pass a stream of dry chlorine through the molten sulphur during 
two hours at a rate such that virtually the entire chlorine is absorbed 
by the molten sulphur. After this, cool the reaction mixture to room 


CI 2 


(a) 

Fig. 69. Setups for the chlorination of sulphur (a) and the fractional distilla¬ 
tion of sulphur chlorides (b) 

temperature. If the sulphur solidifies, repeat the treatment with 
chlorine at 150 °C. Carry out chlorination until the reaction mixture 
cooled to room temperature remains liquid. 

Distil off the product from the test tube. Transfer it into an appa¬ 
ratus for the fractional distillation of liquids at atmospheric pressure 
(see Fig. 20). Carefully heat the liquid with the flame of a burner 
until it boils. Collect the fraction boiling at a temperature above 
130 °C. 

Pour over the liquid into a weighed drawn out test tube. Seal 
the tube to form an ampoule (wear eye protection!). 

Weigh the ampoule with the substance and the remnants of the 
test tube. Calculate the yield in per cent. 

6. Preparation of Thionyl Chloride. Assemble an apparatus as- 
shown in Fig. 70a and check its tightness. Put 15 g of phosphorus 
pentachloride onto the bottom of dry retort 1. (This compound readi¬ 
ly hydrolyzes!) Switch on water cooler 2. Pass a stream of thoroughly 
dried sulphur dioxide through the retort. What occurs? When the 
reaction slows down, slightly heat the retort while carefully shaking 
it. Stop the heating after the entire phosphorus pentachloride reacts. 
Write the equation of the reaction. 

Disconnect the cooler and the retort from flask 3 and connect de- 
phlegmator 4 with thermometer 5 via a ground glass joint to flask 
3. Heat flask 3 on an electric stove, and gather the fraction boiling 
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at 80-85 °C in small flask 6 cooled by ice. Close the receiver with a 
stopper. Calculate the yield in per cent. 

Pour a small amount of the thionyl chloride into a beaker with 
water {in a fume cupboard, lower its glass window!). What happens? 

7. Preparation of Sulphuryl Chloride. Before performing this 
synthesis, dry activated carbon in a vacuum (10~ 2 mmHg) in a test 
tube and heat it during 40-50 min with the flame of a burner. 



Fig. 70. Apparatuses for preparing thionyl Fig. 71. Apparatus for pre- 
cbloride (a) and purifying it by distillation (6) paring sulphuryl chloride 

Put the dried activated carbon loosely on a glass wool substrate 
into each of the bulbs of a cooler on standard ground glass joints 
(the number of bulbs should be at least six). The carbon should oc¬ 
cupy at most one-half of the volume of a bulb. Camphor may be used 
instead of the activated carbon. 

Assemble an apparatus as shown in Fig. 71. Connect cooler 4 to 
a 100-ml round-bottomed flask with the aid of special adapter 1. 
Connect apparatuses for preparing dry chlorine (see Fig. 61) and 
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sulphur dioxide (see Fig. 73) to tubes 2 and 3 and simultaneously 
pass both gases through the system at the same rate. First leave the 
cooler jacket without water, and after sulphuryl chloride begins to 
gather in the flask, cool the bulbs with a weak stream of cold water. 
Cool the flask in a bath with ice. Stop the reaction after preparing 
50-60 ml of sulphuryl chloride. 

To purify the sulphuryl chloride, connect the receiver flask to an 
apparatus for distillation under atmospheric pressure provided 
with a dephlegmator (see Fig. 70). Heat the flask in a water bath and 
distil the substance, collecting the fraction that boils at 68-70 °C. 

8. Preparation of Sulphuric Acid by the Contact Process. Assemble 
an apparatus as shown in Fig. 72. Fill gas meter 1 with oxygen and 



connect it via three-way tube 2 with cocks 3 and 4 to tubes 5 and 6 
(tube 6 should be made from a refractory material). Pour a small 
amount of concentrated sulphuric acid into three-neck bottle 7. 
Connect gas-discharge tube 8 emerging from the three-neck bottle 
to bent refractory tube 9. Put platinized asbestos* into the horizon¬ 
tal part of tube 9. Place two-neck flask 10, which is the receiver, into 
a crystallizer with ice mixed with sodium chloride. Connect a 
funnel to the gas-discharge tube of the receiver and put it into beaker 
11 over an alkali solution. 

Check the tightness of the apparatus and fill it with oxygen. Put 
a small amount of sulphur into a boat, ignite it in the air, and put 
it into tube 6. Regulate the oxygen stream from the gas meter so 


* Prepare platinized asbestos as follows: put 5 g of purified asbestos into 
a bowl and pour a 1-2% chloroplatinic acid solution over it. Transfer the fibres 
impregnated with the solution into a porcelain crucible and roast them first 
carefully, and then strongly on a blowtorch. Store the prepared catalyst in 
a jar with a ground-glass stopper. Roast the platinized asbestos without fail 
before each experiment. 
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that you will be able to count the bubbles of the gases emerging 
from the tube in bottle 7. What must be the ratio of the volumes of 
oxygen and sulphur dioxide when preparing sulphuric acid anhy¬ 
dride (sulphur trioxide)? Strongly heat the platinized asbestos. Prove 
that the substance obtained is sulphuric acid anhydride. 

9. Preparation of Sulphuric Acid by the Chamber Process. Assemble 
an apparatus shown in Fig. 73. Spill sodium bisulphite into flask 
1 and pour a 70% sulphuric acid solution into funnel 2. Put copper 



shavings into flask 3, and pour a concentrated nitric acid solution 
into funnel 4. Pour concentrated sulphuric and nitric acid solutions 
into wash bottles 5 and 6, respectively. 

Open the cock of funnel 4 and add nitric acid dropwise. As soon as 
flask 7 is filled with nitrogen(IV) oxide vapour (the colour must be 
very intensive), open the cock of funnel 2 and add sulphuric acid 
dropwise into flask 1. Watch the change in the colour. What crys¬ 
tals are deposited on the walls of flask 7? Using rubber bulb 8, add 
2-3 ml of water into flask 7 and rinse its walls. What happens to the 
crystals? What gas fills the flask now? 
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Open the stopper of flask 7 and watch the change in the colour of 
the gas. Again add 2-3 ml of water, rinse the flask, and pour out the 
liquid into a beaker. Prove that a solution of sulphuric acid has been 
prepared. What impurities does the acid contain? Write the equa¬ 
tions of all the occurring processes. 

What industrial processes exist for the production of sulphuric 
acid? How can the purest acid be produced? 

10. Preparation of Copper Sulphate Pentahydrate (Copper Vitriol). 
Pour 20-30 ml of water into a 100-ml beaker, and transfer into it the 
mixture remaining in a Wurtz flask after the reaction of copper with 



Fig. 74. Apparatus for preparing potassium persulphate 


sulphuric acid. Heat the formed mixture to 70-80 °C, filter the solu¬ 
tion, introduce 2-3 g of lead(IV) oxide into it (why?), and boil it 
(what precipitates?). Again filter the solution and collect the filtrate 
in a porcelain bowl. Evaporate the filtrate on a water bath until 
a crystalline film appears on the surface of the liquid, and let it 
stand for crystallization. 

Transfer a drop of the hot solution onto a slide, cover it with a 
cover glass, and examine the crystals under a microscope. Filter 
off the crystals formed in the bowl on a Buchner funnel, wash them 
with a small amount of ice water, transfer them onto a glass plate 
and dry them in the air at room temperature. Put a little of the salt 
in a crucible and heat it first slightly, and then strongly. What do 
you observe? Explain the change in colour when copper vitriol is 
dehydrated. Write the equations of the reactions. 

11. Preparation of Potassium Persulphate. Assemble an apparatus 
shown in Fig. 74. Put 100 ml of a potassium bisulphate solution 
saturated at 0 °C (see Appendix 1, Table 1) into test tube 1. Immerse 
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block 2 with electrodes into the test tube. Fill outer Bunsen beaker 
3 with water and ice and connect the electrodes to a 24-V d-c source. 
Use rheostats R t and i? 2 to set a current of 4 A. See that the tempera¬ 
ture of the electrolyte in the test tube does not exceed 8 °C. Perform 
electrolysis during one hour. 

Write the equation of the reaction. Indicate the substances that 
evolve at the electrodes. Transfer the evolved crystals onto a glass 
filter No. 3 (about 400 mesh), suck off the filtrate, and wash the 



Fig. 75. Apparatus for preparing selenium(IV) oxide 

crystals with ethanol. Dry the crystals in a desiccator over sulphur¬ 
ic acid, weigh them, and determine the yield relative to the current 
in per cent. 

Prepare 20 ml of a solution of the obtained compound saturated 
at room temperature. Pour 3 ml of the solution into each of three test 
tubes. Add to the first tube 1 ml of a 1 A sulphuric acid solution, 
one drop of silver nitrate, and one drop of a 1 A manganese sulphate 
solution. Heat the tube. Add to the second tube 1 ml of a 1 A chro¬ 
mium sulphate solution and 2 ml of a 1 A sodium hydroxide solu¬ 
tion. Pour into the third tube 1 ml of a 1 A sodium hydroxide solu¬ 
tion and 1 ml of a 1 A manganese sulphate solution. Comment on 
your observations. Write the equations of the reactions. 

What compounds are called peracids? What are the features of 
their structure? 

12. Preparation and Properties of Selenium(IV) Oxide. Selenium 
compounds are very poisonous! Hand in the prepared substances and 
residues of selenium preparations to the laboratory assistant. Run all 
experiments with selenium in a fume cupboard! After work, thoroughly 
wash the ware and your hands. 

Assemble an apparatus as shown in Fig. 75. Pour 50-100 ml of 
a concentrated nitric acid solution into 250-ml three-neck flask 1, 
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and connect empty wash bottle 2 to it for trapping any splashed out 
nitric acid. Fill U-tubes 3 and 6 with a loose layer of phosphorus 
anhydride mixed with glass wool. Leave U-tube 5 empty for trapp¬ 
ing the residues of selenium(IV) oxide. Pour a little water into wash 
bottle 7 connected to a water-jet pump. 

Weigh 0.2-0.5 g of selenium and put it into refractory tube 4 sealed 
at one end (about 30 cm in length and 4 cm in diameter). 

Lower several pieces of copper shavings into three-neck flask 1, 
and carefully switch on water-jet pump 8. When the entire apparatus 
is filled with nitrogen oxides, heat the part of the tube where the se¬ 
lenium is with the flame of a gas burner. First heat carefully, and 
then more strongly. What occurs? 

As copper dissolves in the nitric acid, add new portions of copper 
shavings to it. When the entire selenium is oxidized, disconnect the 
flask with nitric acid, and suck a stream of dry air through the ap¬ 
paratus. Extract the prepared selenium(IV) oxide from the tube, 
put it into a weighing bottle, and weigh it. Determine the yield 
in per cent. Write the equations of the reactions. Test the properties 
of selenium(IV) oxide (see p. 116). Hand in the preparation to your 
instructor. 

13. Preparation and Properties of Tellurium(IV) Oxide. Tellu¬ 
rium compounds are poisonous! Run experiments with tellurium in 
a fume cupboard! Even negligible amounts of tellurium and its com¬ 
pounds getting into a human organism cause an odour of garlic that 
does not vanish for a long time. 

After completing work, thoroughly clean up your workplace and 
wash the ware with concentrated hydrochloric acid or aqua regia. 
Wash your hands with soap. Hand in the prepared substances and re¬ 
sidues of tellurium preparations to the laboratory assistant. 

Put 3-5 g of powdered tellurium into a 0.5-litre beaker. Wet the 
tellurium with distilled water, pour 30-50 ml of concentrated hydro¬ 
chloric acid into it, and add 10-30 ml of concentrated nitric acid in 
small portions. Heat the reaction mixture, covering the beaker with 
a watch glass. If the tellurium does not dissolve completely, dilute 
the reaction mixture up to one-third of its volume with water, and 
filter the solution through a fluted filter wetted with a 5% solution 
of hydrochloric acid. Add 100 ml of hot water (80 °C) to the filtrate 
while constantly stirring it. What is observed? 

Neutralize the solution with ammonia up to a weakly acidic reac¬ 
tion (pH 3-4), using methyl red as an indicator. Test with the indi¬ 
cator as follows: apply several drops of it onto filter paper placed on 
a glass plate, and in the course of neutralizing the solution being 
tested take a sample of it with a glass rod and transfer it onto the 
filter paper with the indicator. 

Filter of the precipitated substances (what is its composition?) 
on a Buchner funnel, rinse it with water to remove chloride ions. 
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and dry it in a drying cabinet at 105 °C. Determine the yield in per 
cent. Write the equations of the reactions. 

Test the properties of tellurium(IV) oxide (see p. 117). 


NITROGEN 

Indicate the position of nitrogen in Mendeleev’s periodic table of 
the elements, the electron configuration and the size of its atom, and 
the oxidation states it exhibits. Write the electron configuration 
of a nitrogen molecule. What is the bond multiplicity in it? 

13.1 PREPARATION AND PROPERTIES 

1. Assemble an arrangement as shown in Fig. 76 and check its 
tightness. Spill 1-2 g of triturated sodium nitrite into the test tube, 

pour in dropwise 2-3 ml of a con¬ 
centrated ammonium chloride solu¬ 
tion, and carefully (why?) heat the 
mixture. Collect the evolving gas 
and see whether it supports com¬ 
bustion. Write the equation of the 
reaction of nitrogen preparation. 

2. Put a little chlorinated lime 
into test tube 1, and pour a con¬ 
centrated ammonia solution into 
dropping funnel 2. Add the am¬ 
monia solution dropwise to the 
chlorinated lime and collect the 
evolved nitrogen in test tube 3 
by putting it over the end of the 
gas-discharge tube. Write the equa¬ 
tion of the reaction. See whether 
nitrogen supports combustion. How can nitrogen be distinguished 
from carbon dioxide? What explains the low reactivity of nitrogen? 
How is nitrogen produced industrially? Where is nitrogen used? 

13.2 COMPOUNDS 
AMMONIA 

Ammonia and nitrogen oxides irritate the respiratory tracts, therefore 
prepare and work with, these substances in a fume cupboard! 

Preparation and Properties. 1. Prepare a mixture of 1-2 g of am¬ 
monium chloride and 1-2 g of slaked lime (calcium hydroxide). Does 
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ammonia form? Transfer the mixture into a test tube and close it 
with a stopper accommodating a bent gas-discharge tube (Fig. 77). 
Heat the test tube with the mixture. Bring a piece of litmus paper 
wetted with concentrated hydro¬ 
chloric acid to the end of the gas- 
discharge tube (what happens?). 

Write the equations of the reac¬ 
tions. 

Collect the ammonia in a 50-100- 
ml thick-walled jar (is ammonia 
heavier or lighter than air?). Close 
the jar with a stopper containing 
a capillary and lower it into a bath 
with water (see Fig. 536). What 
do you observe after a certain time 
elapses? What is the solubility of 
ammonia in water? What equilib¬ 
rium sets in in the solution? Why 
is an aqueous ammonia solution a 
poor electrolyte? 

2. Pour 2 ml of a dilute ammo¬ 
nia solution into a test tube and 
heat it. How does equilibrium shift ^onia 7 ' Setup {or P re P arin S am " 
in the ammonia-water system when 

the temperature is changed? 

3. Pour 2 ml of a 25% ammonia solution into a test tube and 
throw a small piece of sodium hydroxide into it. What happens? 
Explain the observed phenomenon on the basis of the law of mass 
action. What processes are used to produce ammonia in the industry? 
Where is ammonia used? 

AMMONIUM SALTS 

Ammonium Chloride. Put ammonium chloride into a glass tube 
20 cm long and 1 cm in diameter. Using two glass rods, press it at 
the middle of the tube into a layer of 3 cm. At a distance of 2-3 cm 
from the stopper made in this way spill in a little more ammonium 
chloride. Put strips of blue and red litmus paper at the mouth of 
the tube. 

Fasten the tube in an inclined position in a clamp of a stand and 
heat the layer of ammonium chloride below the stopper. What ex¬ 
plains the change in the colour of the litmus paper? What law does 
the rate of gas diffusion observe? Which of the gases obtained as a 
result of the thermal dissociation of ammonium chloride diffuses more 
rapidly, and how many times? Write the equation of thermal disso¬ 
ciation of ammonium chloride. 
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Ammonium Salts of Phosphoric Acid. Put several crystals of 
one of the ammonium salts of phosphoric acid on the lid of a crucible 
and heat them. Identify the substance remaining on the crucible lid 
after heating. Write the equation of the reaction. 

Ammonium Sulphate. Put several ammonium sulphate crystals 
on the lid of a crucible and roast them. Write the equation of the 
reaction of thermal dissociation of ammonium sulphate. 

Ammonium Nitrate. Put several ammonium nitrate crystals on 
the lid of a crucible and carefully heat them (in a fume cupboard, 
lower the glass window!). Write the equation of the reaction. 

How can the different nature of thermal decomposition of am¬ 
monium salts be explained? What ammonium salts sublime? How 
can one prove experimentally that the salts used are ammonium 
ones? 

Using notions of complexing, draw an ammonium ion. What atom 
is the donor in the given ion and what atom is the acceptor of elec¬ 
trons? What is the coordination number of nitrogen in an ammonium 
ion? What is the geometric model of an ammonium ion? What type 
of orbital hybridization occurs when it forms? 


HYDRAZINE AND HYDROXYLAMINE 

Properties. 1. Pour 5 ml of water into each of two test tubes, 
and introduce 2-3 drops of hydrazine, hydrazine hydrate, or several 
crystals of hydrazine sulphate into them. Add several drops of iodine 
water into one tube. What is observed? Write the equation of the 
reaction. Add solutions of copper(II) chloride and an alkali into the 
other tube. Carefully heat its contents. What happens? Write the 
equation of the reaction. What properties do hydrazine compounds 
have? 

2. Dissolve several crystals of hydroxylamine chloride in 4-5 ml 
of water. Test the solution with litmus. Add a few drops of iodine 
water. What occurs? What properties of hydroxylamine are re¬ 
vealed by the given reaction? 

What is the structure of hydrazine, hydrazine hydrate, hydrazine 
sulphate, and hydroxylamine? Do these compounds exhibit oxidiz¬ 
ing properties? 


OXYGEN COMPOUNDS 

(Perform the experiments in a fume cupboard!) 

Nitrogen(I) Oxide. Assemble an arrangement as shown in Fig. 78. 
Put 1-2 g of ammonium nitrate in a test tube and carefully heat it. 
Collect the evolving gas in two small jars over water. Introduce a 
spoon with burning phosphorus into one jar, and a glowing splinter 
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into the other one. How can nitrogen(I) oxide be distinguished from 
oxygen? 

Nitrogen(II) Oxide. Assemble an apparatus as shown in Fig. 53a, 
using a U-tube instead of the wash bottles. Pour an amount of a 10% 
alkali solution into the U-tube such that the level of the liquid in 
both arms will be higher than the bent part of the tube by 0.5-1 mm. 



Fig. 78. Arrangement for preparing nitrogen(I) oxide 

Put 5 g of copper shavings into the flask and pour in 30 ml of a 33% 
nitric acid solution through the funnel. If the reaction proceeds slow¬ 
ly, heat the flask somewhat. How can you explain the appearance 
of the colour of the gases in the flask? Does nitrogen(II) oxide dis¬ 
solve in water and an alkali? What forms in the U-tube? 

1. Gather nitrogen(II) oxide into two small jars (how can this 
be done?) Test whether a splinter and red phosphorus burn in nitro- 
gen(II) oxide. What happens when nitrogen(II) oxide comes into 
contact with air? Write the equations of the reactions. 

2. Pass a stream of nitrogen(II) oxide through a slightly heated 
solution of concentrated nitric acid. What is observed? Write the 
equation of the reaction. 

3. Pour 3-5 ml of a freshly prepared saturated iron(II) sulphate 
solution into a test tube. Pass a stream of nitrogen(II) oxide through 
the solution. How will the colour of the solution change? Write the 
equation of the reaction. Heat the solution. Comment on your ob¬ 
servations. How is nitrogen(II) oxide produced in the industry? 

Nitrogen(IV) Oxide. 1. Put 1-2 g of copper shavings into a Wurtz 
flask and close it with a stopper provided with a funnel having a 
long stem. Pour in 5-10 ml of concentrated nitric acid. What gas 
evolves? Write the equation of the reaction. Collect the nitrogen(IV) 
oxide in two small jars (how’ can this be done?) and see whether a 
glowing splinter and ignited red phosphorus burn in it. Write the 
equations of the reactions. W 7 hich nitrogen oxides give up oxygen 
more readily? 

2. Assemble an apparatus as shown in Fig. 79. Fill U-tube 2 with 
phosphoric anhydride applied onto glass wool. Put a mixture con¬ 
sisting of 5-7 g of dry lead nitrate and a small amount of clean sand 
into test tube 1. Immerse U-tube 3 into a cooling mixture (ice and 
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salt) and also put a test tube containing 3-5 ml of water into the 
mixture. Heat test tube 1 with the lead nitrate. What gas is collect¬ 
ed in test tube 4 over water when it is placed over the end of the gas- 
discharge tube from U-tube 31 What is the composition of the liquid 
gathering in U-tube 31 

Disconnect U-tube 3 and rapidly pour out the liquid obtained 
in it into a test tube with cooled water. What do you observe? 
Identify the substance gathering on the bottom of the test tube? 
How can you explain that nitrogen(IV) oxide polymerizes easily? 



Nitrous Anhydride. Assemble an apparatus as shown in Fig. 79, 
replacing test tube 1 with a small Wurtz flask provided with a drop¬ 
ping funnel, and immerse U-tube 3 into a cooling mixture (ice and 
salt). Put 1-2 g of starch on the bottom of the flask, and pour 5-6 ml 
of a 50% nitric acid solution into the dropping funnel. 

Adding the nitric acid dropwise to the starch, observe the lique¬ 
faction of the nitrous anhydride in U-tube 3. If no reaction occurs, 
carefully heat the flask with the reaction mixture. What is the 
colour of the liquid in U-tube 31 

Pour out the liquid from the receiver into a beaker with cold water 
(0 °C). What gas evolves? Write the equation of the reaction. Con¬ 
nect a U-tube with an alkali solution to the gas-discharge tube of the 
apparatus and pass a stream of the gases through it. What is ob¬ 
served? Write the equation of the reaction. 


NITROUS ACID 

Preparation and Properties. 1. Dissolve a small amount of potas¬ 
sium nitrite in 1-2 ml of water, cool the solution with ice, and add 
two or three drops of concentrated sulphuric acid to it. What is 
observed? Write the equations of the reactions. How can you explain 
the different strength of nitric and nitrous acids? 

2. Pour a potassium nitrite solution into a test tube, acidify it 
with dilute sulphuric acid, and add several drops of potassium per¬ 
manganate. What happens? Write the equation of the reaction. Run 
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a similar experiment with potassium dichromate. What properties 
of nitrous acid are indicated by this reaction? 

3. Add several drops of starch and of a potassium nitrite solution 
to an acidified solution of potassium iodide. What do you observe? 
Write the equation of the reaction. Run a similar experiment with 
potassium bromide, replacing the starch with an organic solvent. 
What role is played by the nitrous acid in these reactions? 

NITRIC ACID 

Nitric acid is a strong oxidizing agent. Organic substances may 
ignite when reacted with the concentrated acid (fuming and anhy¬ 
drous). Nitric acid vapour irritates the respiratory tracts. If nitric acid 
gets on one's skin, it causes serious 
burns. After thorough washing of 
the injured part of the skin with wa¬ 
ter, it should be washed with a 2% 
soda bicarbonate solution and then 
synthomycin emulsion applied. 

Perform experiments with concen¬ 
trated nitric acid in a fume cupboard-, 
wear gloves and eye protection. 

Preparation of Nitric Acid from 
Saltpetre. (Perform the experi¬ 
ment in a fume cupboard!) Assem¬ 
ble a setup as shown in Fig. 80. Fi 8- 8 .°- Setup for preparing nit- 
Put 10 g of sodium nitrate into re- nc aci 
tort 1 and pour in 10 ml of a 96% 

sulphuric acid solution. Close tubulature 2 with an asbestos stopper. 
Fill vessel 3 for cooling receiver 4 with water and ice. Carefully heat 
the retort. What occurs? How can you explain the appearance of 
brown vapour in the retort? When 4-6 ml of nitric acid are collected 
in receiver 4, stop heating the retort. Keep the prepared nitric acid 
for the following experiment. 

Explain from the standpoint of the law of mass action why dry 
sodium nitrate (saltpetre) and a concentrated sulphuric acid solu¬ 
tion are taken to prepare a concentrated nitric acid solution. Why 
does the reaction mixture have to be heated, but carefully? What 
are the boiling points of sulphuric and nitric acids? How do nitric 
acid solutions of various concentrations behave when heated? W T hat 
is the composition of an azeotropic mixture of nitric acid with 
water? 

Properties. (Perform the experiments in a fume cupboardl) 1. Pour 
1-2 ml of freshly prepared concentrated nitric acid into a porcelain 
bowl. Add one or two drops of concentrated sulphuric acid and care¬ 
fully add two or three drops of pure turpentine to it with the aid 
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of a tube or pipette in a fume cupboard ( lower the window!). What 
is observed? 

2. Pour 2 ml of concentrated nitric acid into each of five test tubes. 
Secure the first test tube vertically in a clamp of a stand and, 
while heating the acid, lower a glowing piece of charcoal into it. 
What happens? Drop a piece of sulphur into the second tube secured 
in a clamp of the stand and heat the tube. When the tube cools, 
pour out its contents into water and detect the presence of sulphuric 
acid. Write the equations of the reactions. Heat the third tube with 
nitric acid and introduce a piece of wool into it. Comment on your 
observations. 

Pass a stream of hydrogen sulphide through the nitric acid in the 
fourth test tube. Write the equation of the reaction. Introduce a 
small amount of copper sulphide into the fifth tube with nitric acid. 
Explain why it dissolves in nitric acid. Write the equation of the 
reaction. 

3. Test the action of concentrated nitric acid on zinc and tin. 
Perform the reaction in small porcelain bowls with slight heating 
(in a fume cupboard!). Write the equations of the reactions. 

Take two test tubes, put two or three pieces of zinc into one of 
them and the same amount of tin into the other. Pour 5 ml of a 
2 % nitric acid solution into each of the tubes and keep them for your 
next lesson. How can you determine that ammonium salts formed 
under these conditions? Write the equations of the reactions. What 
properties of nitric acid do the experiments performed indicate? 

4. Prepare 9-12 ml of aqua regia. In what volume ratio do hydro¬ 
chloric and nitric acids have to be mixed to prepare it? Put small 
amounts of cinnabar (mercury sulphide) into two porcelain bowls, 
pour the freshly prepared aqua regia solution over one portion 
(carefully!), and concentrated nitric acid over the other. Put both 
bowls on a sand bath and heat them. What happens? Write the 
equations of the reactions. 

Why is aqua regia a stronger oxidizing agent than nitric acid? 
Explain, using the concept of the solubility product, why mercury 
sulphide does not dissolve in nitric acid, but does in aqua regia. 

Salts of Nitric Acid. What products form when potassium, copper, 
lead, and silver nitrates are roasted? How can the different nature 
of their decomposition be explained? 


SUPPLEMENTARY EXPERIMENTS 
AND SYNTHESES 

1. Liquefaction of Ammonia and Studying of Its Properties. 

(a) Liquefaction. (Perform the experiment in a fume cupboard in the 
presence of your instructor!) Assemble an apparatus as shown in 
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Fig. 81. Fill two-neck bottle 1 up to one-fourth of its volume with 
a granulated alkali (When working with an alkali, wear eye protection! 
Handle the alkali only with pincers!) Pour a concentrated ammonia 
solution into dropping funnel 2. Pour vaseline or paraffin oil (a 
bubble counter) into wash bottle 3. Put a granulated alkali into 
drying column 4. What substances should be used for drying ammo¬ 
nia? Fasten a dry bottle over gas-discharge tube 6. When you have 
assembled the apparatus, put solid carbon dioxide (“dry ice”) into 



the funnel of vessel 5 for liquefying gases, and carefully add acetone 
to the carbon dioxide in small portions or place vessel b into a beaker 
with a cooling mixture of the same composition. (Acetone is flamma¬ 
ble! When working with it keep well away from any flame!) 

At what temperature does ammonia liquefy? Open the cock of 
funnel 2 and add dropwise the concentrated ammonia solution, seeing 
that the ammonia does not evolve too intensively (the bubble coun¬ 
ter!). What do you observe in receiver 5? 

(b) Dissolving of Ammonia in Water. After 1-2 ml of liquid am¬ 
monia are collected in the receiver, rapidly close it with a stopper 
provided with a capillary and immerse it into a bath with water 
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(see Fig. 53 b). What do you observe after a certain time? What 
is the solubility of ammonia in water? What equilibria set in when 
ammonia dissolves in water? Why is an aqueous ammonia solution 
a poor electrolyte? 

(c) Properties of Liquid Ammonia. (Perform the experiment in a 
fume cupboard in the presence of your instructorJ) When 5-6 ml of 
liquid ammonia are collected in receiver 5 , disconnect it from drying 
column 4 and extract the stopper from it. Introduce platinum elec¬ 
trodes into the liquid ammonia 
(see Fig. 81) and connect them via 
an incandescent lamp to the 
mains. What is observed? 

Extract the electrodes and drop 
a small piece of pure metallic 
sodium thoroughly dried with filter 
paper into the liquid ammonia. 
What happens? What explains the 
colouring of the liquid? Again 
introduce the electrodes into the 
liquid ammonia. Flow did the elec¬ 
trical conductance of the solution 
change? 

Let the ammonia evaporate. What 
substance remained in the appara¬ 
tus? Do not wash the apparatus 
with water , but hand it in to the 
laboratory assistant! Why? What 
explains the use of ammonia in 
refrigerating machines? 

(d) Burning of Ammonia. Take a 
wide glass tube 6-8 cm long and 
close it with a stopper provided with 
two gas-discharge tubes (Fig. 82). Connect tube 1 to an apparatus 
for preparing ammonia, and tube 2 to a gas meter with oxygen. 
Admit a stream of ammonia into tube 1 and bring an ignited splin¬ 
ter up to its mouth. What happens? 

Open the gas meter cock and, without stopping the ammonia 
stream, again bring an ignited splinter to the mouth of tube 1. 
What do you observe now? Write the equation of the reaction. 

2. Preparation of Magnesium Nitride by Reacting Magnesium 
with Nitrogen. Assemble an apparatus as shown in Fig. 83 and 
check its tightness. Fill the apparatus with nitrogen (from a gas 
meter or cylinder). 

Weigh 1 g of magnesium (powder or freshly cut shavings) in 
porcelain boat 8 and insert it into quartz tube 9 placed in electric 
furnace 10. Cut out two or three strips of thin copper gauze and pre- 



Fig. 82. Device for observing how 
ammonia burns 
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pare tightly rolled up “sausages” from them. Fasten a test tube in 
a clamp of a stand and pour 3-4 ml of ethanol into it. (Wear eye 
protection!) Strongly heat a “sausage” in the flame of a gas burner and 
rapidly introduce it into the test tube with ethanol. What happens? 
Write the equation of the reaction. 

Put the reduced copper into the middle part of porcelain tube 5 
in furnace 6. What role should the copper gauze play? A titanium 
powder can be used instead of the copper gauze. Titanium heated 
up to 500-600 °C in a nitrogen atmosphere forms a nitride that absorbs 
oxygen very well, transforming into titanium dioxide at 400-500 °CL 



Fig. 83. Apparatus for preparing magnesium nitride by reacting magnesium 
with nitrogen 

Pour an alkaline solution of pyrogallic acid into wash bottle 1, 
concentrated sulphuric acid into bottle 3 , and leave bottle 2 empty 
(what are these wash bottles needed for?). Put a loose layer of glass 
wool with phosphorus anhydride spilled over it into U-tube 4 (handle 
the glass wool with pincers and the phosphorus anhydride with a porce¬ 
lain spoon). Again check the tightness of the apparatus and fill it 
with nitrogen (from a gas meter or cylinder). Without stopping the 
stream of nitrogen, switch on furnace 6, and in half an hour, furnace 
10. The temperature of both furnaces must be 400-500 °C (thermo¬ 
couple 7). Heat the magnesium in the nitrogen stream for at least 
two or three hours. When this time elapses, switch off furnace IQ 
and cool it in a nitrogen stream. Switch off furnace 6 and extract 
boat 8 from tube 9. Examine the substance obtained and test the 
action of water on it. Write the equations of the reactions. Hand 
in the preparation to your instructor. 

3. Preparation of Magnesium Nitride by Reacting Magnesium 
with Ammonia. Assemble an apparatus as shown in Fig. 84. Put 
solid sodium hydroxide into two-neck bottle or Wurtz flask 1 (wear 
eye protection , handle the alkali with pincers!). Pour a 25% ammonia 
solution into dropping funnel 2. Put a granulated alkali or soda lime 
into drying column 4. Pour glycerin or vaseline oil (a gas bubble 
counter) into wash bottle 3. Put a reduced copper gauze into porce¬ 
lain tube 5. Place 1 g of magnesium powder (prepared before the 
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experiment) into boat 7 and put it into refractory tube 8. Pass a 
stream of ammonia through the apparatus until all’the air is displaced 
from it. The ammonia stream must be sufficiently strong during 
the entire experiment. Switch on furnace 6 and in half an hour heat 
refractory tube 8 with the flame of a burner first carefully, and then 
strongly. Heat during one or two hours. When the magnesium be¬ 
gins to glow, stop the heating. What gas gathers in test tube 9 ? 



Fig. 84. Apparatus for preparing magnesium nitride by reacting magnesium 
with ammonia 

When the reaction terminates (how can you determine this?), 
cool the apparatus in a stream of ammonia. Disconnect the two-neck 
bottle and use a water-jet pump to remove the ammonia from the 
apparatus. Extract the boat and put it into a weighing bottle for 
boats or into a test tube closed with a stopper. Weigh it. Determine 
the yield of magnesium nitride. 

Transfer a part of the substance from the boat into a beaker, and 
pour in two or three drops of a concentrated alkali solution. What 
gas evolves? Put a small amount of the product on a watch glass and 
leave it in the air. The odour of what gas can be detected? What 
happens to the magnesium nitride in the air? 

4. Preparation of Lithium Nitride by Reacting Lithium with 
Nitrogen. Assemble an apparatus as shown in Fig. 83. Insert an 
iron tube into quartz tube 9. Using pincers, extract a small piece of 
metallic lithium from the kerosene in which it is stored (wear eye 
protection /), put it in a mortar, and carefully remove the solid crust 
covering the surface of the metal from all its sides with a thin knife. 
Lower the cleaned piece of lithium for two or three seconds into a 
beaker with methanol (why?) and put it into an iron boat. Put the 
latter into the iron tube. 

Displace the air from the apparatus with a stream of nitrogen thor¬ 
oughly purified from oxygen, and heat tube 9 strongly with the 
flame of a gas burner until the molten metal (m.p. = 186 °C) begins 
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to react with the nitrogen. How can you verify this? Only after this 
remove the flame. Again heat the tube for 10-15 min and then, with¬ 
out switching off furnace 6, cool it in a stream of nitrogen. 
Switch off furnace 6. 

Transfer a small amount of the prepared substance from the boat 
into a beaker and pour a small amount of water over it. Test the 
evolving gas with moist litmus paper or a strip of filter paper wetted 
with a mercury(I) nitrate solution. Write the equations of the reac¬ 
tions. 

5. Preparation of Hydrazine Sulphate. (Perform the experiment 
in a fume cupboard!). Preliminarily prepare a sodium hypochlorite 
solution. To do this, spill 100 g of ice (prepared from distilled water 
in the freezing chamber of a refrigerator) into a 300-ml flask and add 
a sodium hydroxide solution (dissolve 50 g of sodium hydroxide in 
100 ml of water). Put the flask in a bath with ice. Pass chlorine during 
two hours into the cooled solution. When doing this, see that the 
temperature does not rise above 5 °C. 

Pour 30 ml of a 35% sodium hydroxide solution into a 250-ml 
beaker provided with a mechanical mixer, a thermometer, and a 
dropping funnel reaching almost to the bottom of the beaker. Cool 
the beaker with a mixture of ice and sodium chloride, switch on the 
mixer, and introduce a catalyst—a solution of 0.3 g of manganese (I I) 
sulphate pentahydrate or 0.1 g of manganese(II) chloride tetrahy- 
drate in 1 ml of water. Cool the solution to 0 °C and introduce 7 g of 
urea into it. Lower the temperature to 5-7 °C below zero and grad¬ 
ually add 63 ml of the filtered sodium hypochlorite solution cooled 
to the same temperature from the dropping funnel. The temperature 
even at the end of the reaction must not rise above 10 °C. 

After the sodium hypochlorite solution has been added, stir the 
reaction mixture during 10 min, and then slowly (two degrees a 
minute) heat the solution on a water bath up to 63-65 °C (use a ther¬ 
mometer!), after which cool the reaction mixture to room tempera¬ 
ture. 

Pour 70 ml of a 50% sulphuric acid solution into a porcelain bea¬ 
ker. Add the obtained solution to it from the dropping funnel while 
vigorously mixing (wear eye protection!). The temperature must not 
rise above 40-50 °C. Cool the solution to 22-25 °C (not lower!). Filter 
off the hydrazine sulphate precipitate. Wash it three times with 
10-ml portions of water. Dry it in a drying cabinet at 50-70 °C. 
Weigh the substance. Write the equations of the reactions. Calculate 
the yield in per cent. How can you convince yourself that the pre¬ 
paration obtained is hydrazine sulphate? 

6. Preparation of Hydrazine Hydrate. Assemble an apparatus as 
shown in Fig. 85a. Grind 30 g of solid potassium hydroxide into a 
powder in a porcelain mortar (wear eye protection!). Add 30 g of hy- 
drazinesulphate to the powder and thoroughly mix the reactants. 
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Put the mixture into a copper retort. Close the latter with an as¬ 
bestos stopper and connect it to a cooler. 

Slowly heat the reaction mixture in a sand bath to 120-125 °C. 
{Do not permit overheating! The temperature of the bath must not ex¬ 
ceed 130 °C.) At what temperature does hydrazine hydrate boil? 
Discard the fraction boiling up to 110 °C. Collect the hydrazine 
hydrate in a preliminarily weighed receiver connected to a cooler 
via ground-glass joints. Weigh the receiver with the preparation. 
Calculate the yield. Write the equation of the reaction. 




Fig. 85. Apparatus for preparing hydrazine hydrate (a) and dehydrating it (6) 

7. Preparation of Hydrazine. Assemble an apparatus as shown 
in Fig. 85 b. Put an amount of potassium hydroxide into a two-neck 
flask provided with a reflux condenser such that there is a 2-3-mm 
layer of hydrazine hydrate over it. Cool the flask in a bath with ice 
and transfer the previously prepared hydrazine hydrate into it 
(i wear eye protection!). Pass a stream of dry nitrogen through the 
reaction mixture. Carefully heat the flask until the alkali dissolves 
completely, then cool the flask to room temperature, and, without 
stopping the nitrogen stream, replace the reflux condenser with a 
dephlegmator. Assemble an apparatus for fractional distillation 
(see Fig. 20) and distil off the anhydrous hydrazine in a nitrogen 
stream at 112-114 °C. 

Pour 2-3 ml of hydrazine on a watch glass and ignite it. The hydra¬ 
zine should burn with a violet flame. If the sample of the obtained 
preparation does not ignite, freeze out the anhydrous hydrazine. 
To do this, put the receiver into a bath with ice. Pour the liquid 
off the precipitated crystals (what is the composition of the liquid 
and the crystals?), melt the crystals again, and repeat the operation. 
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Again ignite a small amount of hydrazine. Perform a number of 
reactions characterizing the properties of hydrazine. (Propose these 
reactions yourself.) 

8. Preparation of Hydroxylamine Chloride. Dissolve 7 g of sodium 
hydroxide in 30 ml of water and saturate the solution with sulphur 
dioxide to an acid reaction, after which pass the stream of gas through 
the solution for another five minutes (in a fume cupboard!). Add the 
solution dropwise with continuous stirring to a solution containing 
5.5 g of sodium nitrite in 9 ml of water cooled by a mixture of ice 
and salt. See that the temperature does not rise above 0 °C. Pour the 
solution into a round-bottomed flask, dilute it to a volume of 
150 ml, and heat it to boiling on an electrical flask heater. Perform 
complete precipitation of the sulphate ions with a solution of bar¬ 
ium chloride prepared by dissolving 37 g of barium chloride dihydrate 
in 45 ml of water. 

Filter off the barium sulphate precipitate and evaporate the solu¬ 
tion in a porcelain bowl first on a flame up to one-fourth of its initial 
volume, and then in a water bath until dry, Rapidly cool the hot 
bowl with cold water to facilitate the separation of the precipitate. 
Extract the hydroxylamine chloride from the solution, for which end 
transfer the triturated substance into a flask with a reflux condenser, 
pour in 30 ml of ethanol, and heat it on an electric stove with an 
enclosed heating element up to boiling. Pour off the liquid into a 
beaker and treat the solid substance again with 15 ml of ethanol. 
Combine the ethanol extracts, filter them through a crucible with 
a glass filtering bottom, and then evaporate the filtrate in a water 
bath up to the beginning of crystallization. 

Filter off the precipitated crystals, collect them ( carefully , hydro¬ 
xylamine is poisonous!), weigh them, and calculate the yield in per 
cent. Examine the shape of the crystals under a microscope. Write 
the equations of the reactions. 

9. Preparation of Nitrogen(IV) Oxide and Nitrous Acid Anhydride. 

Dry lead nitrate and quartz sand in a drying cabinet at 120 °C. 
Assemble an apparatus as shown in Fig. 86a. Put a mixture of 70 g 
of finely comminuted lead nitrate and 20 g of dry quartz sand into 
retort 1. Fill columns 2 and 3 with phosphorus anhydride applied 
onto glass wool. Place thoroughly dried receiver 4 into a beaker 
with “dry ice”. Heat the retort with a strong burner flame. Give 
attention to how the colour of the gas changes in liquefaction. 

Assemble an apparatus for preparing nitrogen(II) oxide (Fig. 865). 
Pour a concentrated solution of sulphuric acid into wash bottles 7, 
and fill columns 8 with phosphoric anhydride applied onto glass 
wool. Dissolve 15 g of potassium nitrite and 7.5 g of potassium io¬ 
dide in’75 ml of water. Pour the solution into flask 6. Pour a 50% sul¬ 
phuric acid solution into dropping funnel 5. 

After about 10 cm 3 of solid nitrogen(IV) oxide gathers in receiver 
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4 , disconnect it from the apparatus (see Fig. 86a) without extracting 
it from the cooling mixture and connect it to offtake 9 of the appara¬ 
tus for preparing nitrogen(II) oxide (nitrous acid anhydride) (see 
Fig. 86 b). Prepare nitrogen(II) oxide by reacting sulphuric acid with 
an aqueous solution of a mixture of potassium nitrite and potassium 
iodide. Watch how the colour of the substance in receiver 4 changes 
when the nitrogen oxides react. Write the equations of the reactions. 



Fig. 86. Apparatus for preparing nitrogen(IV) oxide (a) and nitrogen(II) oxi¬ 
de (6) 


Carry out reactions characterizing the properties of nitrogen (111) 
oxide. 

10. Preparation of Nitrosyl Chloride by Reacting Nitrogen(II) 
Oxide with Chlorine in the Presence of an Activated Carbon Catalyst. 
Assemble an apparatus as shown in Fig. 87. Charge an apparatus for 
preparing dry chlorine and one for preparing dry nitrogen(II) oxide 
(see pp. 91 and 131) and connect them via a tee-piece to tube 1. 
Put a layer of freshly calcined activated carbon into the tube (see 
“Preparation of Sulphuryl Chloride”, p. 122). Move heating muffle 

2 made from asbestos fastened with wire onto the tube. Thermometer 

3 inserted into the muffle should lower to the surface of the tube. 
Immerse receiver 4 into a mixture of ice and sodium chloride. Dis¬ 
place the air from the apparatus with a stream of dry nitrogen(II) 
oxide and without stopping its flow, begin to pass chlorine through 
the apparatus, slightly heating (50 °C) with a gas burner flame the 
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place in the tube where the carbon is. What substance gathers in 
the receiver? Write the equation of the reaction. 

Transfer one or two drops of the obtained liquid into a test tube 
containing a small amount of water. What forms in the solution? 
Hand in the prepared nitrosyl chloride to your instructor. 



11. Preparation of Nitrosyl-Sulphuric Acid (Nitrosonium Bisul¬ 
phate). Assemble an apparatus as shown in Fig. 88. Connect an 
apparatus for preparing dry sulphur dioxide (sulphurous acid anhy¬ 
dride) (see p. 113) to tube 4 for bubbling. Pour fuming nitric acid 
(see p. 133) into 250-ml three-neck flask 6 and cool it with a mixture 
of ice and salt. While vigorously mixing by means of mechanical 
mixer 1 having a seal ( 2 , 3) filled with concentrated sulphuric acid 
or vaseline oil, pass a stream of dry sulphur dioxide through the 
nitric acid up to the formation of a considerable amount of nitrosyl- 
sulphuric acid crystals. See that the temperature of the cooling mix¬ 
ture during the experiment does not rise above 0 °C. 

When the reaction is completed, add 20 ml of glacial acetic acid 
and rapidly transfer the reaction mixture onto a filter No. 2 for 
filtration in an inert atmosphere (see Fig. 64b). Separate the nitrosyl- 
sulphuric acid crystals in an atmosphere of dry nitrogen, wash them 
on a filter with glacial acetic acid cooled to 5 °C, rapidly transfer 
them to a preliminarily weighed watch glass and put them in a va¬ 
cuum desiccator over phosphoric anhydride. Dry them for two or 
three hours. Write the equation of the reaction. Weigh the dry 
crystals and calculate the yield in per cent. 

12. Preparation of Nitrosyl Chloride by Reacting Nitrosyl-Sul- 
phuricAcid with Sodium Chloride. Assemble an apparatus as shown 
in Fig. 89. Fill the system with dry nitrogen. Introduce into a flask 
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25 g of freshly prepared nitrosyl-sulphuric acid and 15 g of finely 
comminuted, dry sodium chloride preliminarily calcined in a cru¬ 
cible in a burner flame. Leave trap 2 empty, and place traps 3 and 4 
in a cooling mixture of dry ice and acetone. 

Heat flask 1 with the reaction mixture in a water bath. When the 
evolution of nitrosyl chloride from the reaction mixture terminates, 

close cock 5 and simultaneously 
extract the stopper from the flask. 
Next remove the water bath and 
also the cooling mixture from trap 3. 
By heating trap 3 with your hand, 
distil off the nitrosyl chloride into 
trap 4. 

Test how nitrosyl chloride inter¬ 
acts with water. What properties 
does the solution have? Write the 
equations of the reactions. 

13. Preparation of Nitric Acid 
by Oxidizing Ammonia. Assemble 
an apparatus as shown in Fig. 90. 
Pour a 2% ammonia solution into 
flask 1. Put a loose layer of fresh¬ 
ly roasted platinized asbestos into 
the middle of tube 2 over a length 
of 4-5 cm. Pour a neutral litmus sol¬ 
ution or several drops of methyl 
red into flask 3 and connect the 
short tube of this flask to water- 
Fig. 88. Apparatus for preparing jet pump 4. Heat the platinized as- 
nitrosyl-sulphuric acid bestos slightly with the flame of 

a gas burner and pass through it 
a very weak stream of a mixture of ammonia and air. How does the 
colour of the solution in flask 3 change? Write the equation of the 
reaction. 

What processes are used in the chemical industry to manufacture 
nitric acid? 

14. Preparation of Anhydrous Nitric Acid. Put 50 g of sodium 
nitrate into retort 1 made from refractory glass (see Fig. 80) and 
pour in 100 ml of a 98% solution of sulphuric acid. Carefully heat the 
retort with the flame of a burner and distil off a 90-95% nitric acid 
solution into receiver 4 cooled by a mixture of water and ice. Carry 
out distillation until the nitrogen oxides in the retort disappear. 

Transfer the prepared fuming nitric acid into the flask of an appa¬ 
ratus for distillation in vacuum (Fig. 91). Coat all the ground-glass 
joints in the apparatus with moistened phosphoric anhydride or 
concentrated sulphuric acid. (When pouring over the nitric acid, be ca- 
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reful: wear eye protection and work in a fume cupboard!). Cool the 
flask containing the nitric acid with ice and introduce 100 ml of 
98% sulphuric acid into it after cooling the latter to the same tem¬ 
perature (carefully!). Blow dry argon (nitrogen) through the appara- 



Fig. 89. Apparatus for preparing nitrosyl chloride 

tus for 10-15 min, feeding in the gas through a capillary. Next con¬ 
nect the apparatus through a drying system and a safety bottle to 
a water-jet pump. Partly close the screw clamp on the capillary, 



Fig. 90. Apparatus for oxidizing ammonia 

retaining a weak stream of nitrogen. Heat the flask with the reaction 
mixture on a water bath. Collect the fraction boiling at 30-40 °C. 

15. Preparation of Potassium Nitrite. Melt 1-2 g of potassium 
nitrate in a test tube and heat it above its melting point until oxy¬ 
gen bubbles stop evolving. Dissolve the cooled substance in water 
and add 1-2 ml of a dilute sulphuric acid solution. What happens? 
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Write the equations of the reactions. How can you prove that nitrous 
acid has formed in the solution? 

What products form when potassium, copper, lead, or silver ni¬ 
trates are roasted? What explains the different nature of their de¬ 
composition? 

16. Preparation of Anhydrous Copper Nitrate. Prepare 7-10 ml 
of liquid nitrogen(IV) oxide (see Fig. 86a). If the oxide has solidified, 



carefully heat the receiver with your hands and pour the liquid 
through a funnel with a ground-glass joint into a test tube cooled 
by an ice-salt mixture (Fig. 92a) containing 15 ml of freshly distilled 
and thoroughly dried ethyl acetate. Add 3 g of finely cut up copper 
shavings to this mixture. Preliminarily wash the copper shavings 
with dilute hydrochloric acid and distilled water and dry them in 
a vacuum drying cabinet. Close the test tube containing the mixture 
with a stopper provided with a drying tube filled with phosphoric 
anhydride applied onto glass wool, and let it stand overnight in a 
fume cupboard. 

After 10-12 hours, decant the solution from the unreacted copper 
shavings into vessel 1 (Fig. 925). Connect the vessel via trap 2 and 
empty wash bottle 3 to a water-jet pump. Open clamps 4 and 5, 
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switch on the water-jet pump, and then close clamp 5. Place a water 
bath under vessel 1 and distil off the ethyl acetate and the nitro- 
gen(IV) oxide in the vacuum produced by the water-jet pump. 



Fig. 92. Preparation of anhydrous copper nitrate: a—setup for reacting metal¬ 
lic copper with nitrogen(IV) oxide in ethyl acetate; 6—apparatus for distil¬ 
ling off the solvent 


When no liquid remains in vessel 1 , close clamp 4, open clamp 5, 
close the cock of the water-jet pump, and disconnect vessel 1. In 
a dry chamber, extract the powdered anhydrous copper nitrate from 
the vessel and put it into a weighed weighing bottle. Calculate 
the yield in per cent. 


PHOSPHORUS 

Indicate the position of phosphorus in Mendeleev’s periodic table 
of the elements, its electron configuration, the size of its atom, and 
its oxidation states. 

Perform all experiments with white and red phosphorus , and also 
with hydrogen phosphide in a fume cupboard. White phosphorus is 
poisonous and readily ignites. Work with it requires special care. Handle 
white phosphorus only with pincers. Carry phosphorus to your work¬ 
place only in a porcelain bowl or in a mortar with water. 
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Burns produced by phosphorus are very dangerous! If white phos¬ 
phorus gets on your skin, immediately remove it and wash the burnt 
spot with a 2% silver nitrate, copper sulphate, or potassium perman¬ 
ganate solution. After carrying out experiments with white or red 
phosphorus, immerse the laboratory ware for some time in a 10% 
copper sulphate solution, after which wash it in the usual way. 


14.1 ALLOTROPY 

Preparation of Red Phosphorus. (This experiment is prepared by 
one student who demonstrates it to the class.) Take a test tube with 
a drawn out end and fill it with carbon dioxide gas. Pour water heated 

to 30 °C into a mortar and lower 
a piece of white phosphorus into 
the water. Holding the phospho¬ 
rus with pincers under the water, 
cut off a piece the size of a pea with 
a lancet or sharp knife. Rapidly 
dry the phosphorus with filter pa¬ 
per on a glass plate and lower it 
into the test tube filled with car¬ 
bon dioxide. 

Heat the drawn out part of the 
test tube until the glass melts, shape 
its end into a hook, and seal the 
tube. Spill 8-10 g of naphthalene 
onto the bottom of a wide bulb¬ 
shaped test tube at least 40 cm long. 
Lower into it the sealed test tube 
Fig. 93. Arrangement for prepa- containing the phosphorus and 
ring red phosphorus fasten the hook-shaped end of the 

tube with copper wire to a glass 
rod (Fig. 93). Cover the mouth of the wide test tube with a card¬ 
board disk. 

Fasten the wide tube in a stand and carefully heat it through as¬ 
bestos gauze during three or four hours, seeing that the ampoule is 
constantly in naphthalene vapour. 

Extract the sealed tube and see how the colour of the phosphorus 
changed. 

Preparation of White Phosphorus. Put a small amount of dry 
red phosphorus on the bottom of a test tube and close its mouth 
with a piece of cotton wool. Secure the tube in a clamp of a stand 
and carefully heat the place where the phosphorus is (in a fume cup¬ 
board!). What happens? Observe the luminescence of the phosphorus 
in the dark. 
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What are the conditions for the transition of white phosphorus 
into the red modification and vice versa? What other allotropic mo¬ 
difications of phosphorus exist? How can they be prepared? 

14.2 PROPERTIES 

Flammability of Phosphorus. (Perform the experiment in a fume 
cupboard!). Put a small amount of dry red phosphorus on the edge 
of an iron plate placed on a ring of a stand and a small piece of 
white phosphorus on its other edge. Heat the plate with a burner closer 
to the edge where the red phosphorus is. What happens? Write the 
equation of the reaction. 

Pour a small amount of copper sulphate, silver nitrate, and po¬ 
tassium manganate solutions into three beakers and drop a small 
piece of white phosphorus into each of them. In 10 or 15 minutes, 
extract the phosphorus from the solutions. Dry it as indicated above, 
put it on an iron plate, and heat it. What happens? How do the given 
salts affect white phosphorus? How can the different activity of white 
and red phosphorus be explained? Write the equations of [the [reac¬ 
tions. 

Solubility of Phosphorus in Carbon Sulphide. This experiment 
is prepared by one student who demonstrates it to the class. (Work 
in a fume cupboard , extinguish all burners!) Pour 2-3 ml of carbon 
sulphide into a small porcelain bowl and lower a small piece of white 
phosphorus into it. What occurs? Take a small sheet of filter paper 
with pincers, wet it with the solution of phosphorus in carbon sul¬ 
phide, and see what happens. Test the solubility of red phosphorus 
in carbon sulphide. 

How is phosphorus produced from its natural compounds? 

14.3 COMPOUNDS 
HYDROGEN PHOSPHIDE 

Pour water acidified with hydrochloric acid into a beaker and 
throw several small pieces of calcium phosphide into it. What hap¬ 
pens? Write the equation of the reaction. How can you explain the 
ignition of the evolved gas? 

What compounds of phosphorus with hydrogen do you know? 
Compare the properties of phosphine and ammonia. 

PHOSPHOROUS ANHYDRIDE AND PHOSPHOROUS ACID 

Preparation. Assemble an apparatus as shown in Fig. 94. Pour 
a small amount of vaseline oil into wash bottle 1. Fill U-tube 2 
with small pieces of roasted calcium chloride. Put three small pieces 
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of white phosphorus into porcelain boat 3. Place the boat with 
the phosphorus into refractory glass tube 4 nearer to its left opening. 
Connect two U-tubes 5 and 6 intended for receiving the prepared 
substance to a water-jet pump. Remove the right stopper from tube 
4 and ignite the phosphorus by touching it with a heated glass rod. 



Replace the stopper and switch on the water-jet pump (very slow 
operation). When the entire phosphorus has reacted, disconnect the 
pump and dissolve the phosphorous anhydride gathered in tube 4 
and U-tubes 5 and 6 in 10-20 ml of distilled water. Filter the solu¬ 
tion through a paper filter and keep it for further experiments. 

What is the basicity of phosphorous acid? Write the coordination 
formula of phosphorous acid. What coordination number does phos¬ 
phorus exhibit in its compounds? 

Properties of Phosphorous Acid. Divide the phosphorous acid 
solution into three parts. Neutralize the first part with soda up to 
a weakly acidic reaction and test it with a silver nitrate solution. 
What do you observe? Heat the liquid with the precipitate. What 
occurs? 

Add several drops of a dilute potassium permanganate solution 
to the second part of the solution. What happens? Write the equa¬ 
tions of the reactions. 

Put the third part of the phosphorous acid solution into a porce¬ 
lain bowl and evaporate it first in a water bath, and then carefully 
heat it in a sand bath. What is observed? Write the equation of the 
reaction. What properties of phosphorous acid are indicated by the 
above three reactions? 

PHOSPHORIC ANHYDRIDE 

Assemble an apparatus as shown in Fig. 95. Thoroughly dry all 
parts of the apparatus prior to the experiment. What should the 
calcium chloride tube be filled with? Connect the wash bottle (or 
a U-tube) to the water-jet pump. Put red phosphorus into a spoon 
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for burning, ignite it with the flame of a burner, and introduce it 
into the three-neck bottle. Switch on the water-jet pump and pass 
a stream of dry air through the apparatus. 

Repeat the phosphorus burning operation several times. Rapidly 
spill out the substance that has settled in the three-neck and wash 



Fig. 95. Apparatus for preparing phosphoric anhydride 

bottles into a dry weighing bottle and close it with its lid. Write 
the equation of the reaction. 

Spill a part of the preparation into a porcelain bowl and let it stand 
to the end of the lesson. Introduce the other part in small portions 
into a bowl with water. What happens? Test the solution with lit¬ 
mus paper. Write the equations of the reactions. 

What is the structure of a phosphoric anhydride molecule? 

PHOSPHORIC ACIDS 

Write the formulas of the following phosphoric acids: metaphos- 
phoric, pyrophosphoric, and orthophosphoric. Acquaint yourself 
with their appearance. 

Metaphosphoric Acid. Reactions for Determining Metaphosphoric 
Acid and Its Salts. 1. Pour about 1 ml of an aqueous protein solu¬ 
tion into a test tube and add to it approximately the same amount of 
a sodium metaphosphate solution acidified with acetic acid. What 
do you observe? See whether the protein solution is affected in the 
same way by sodium metaphosphate and acetic acid solutions taken 
separately. 
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2. Pour a few drops of silver nitrate into a sodium metaphosphate 
solution. Note the colour of the precipitate. See how it reacts with 
dilute nitric acid. Write the equations of the reactions. In what 
medium can silver metaphosphate be precipitated? 

Preparation of Metaphosphoric Acid. 1. Dissolve 0.1 g of phosphoric 
anhydride in water and test the solution with an aqueous protein 
solution. What do you observe? 

2. Put 1-2 ml of a 95% orthophosphoric acid solution into a por¬ 
celain bowl. Heat it on a sand bath until it acquires a syrupy con¬ 
sistence, after which roast it at 350 °C. How can you prove that me- 
taphosphoric acid has been obtained? Write the equation of the 
reaction. 

Orthophosphoric Acid. Reaction for Determining Orthophosphoric Acid 
and Its Salts. 1. Pour “molybdenum liquid”* into a solution of so¬ 
dium hydrogen phosphate or phosphoric acid. What is the composi¬ 
tion of the precipitate? Write the equation of the reaction. Does the 
precipitate dissolve in nitric acid? 

2. See how silver nitrate reacts with a solution of sodium ortho¬ 
phosphate. Note the colour of the precipitate. Write the equation 
of the reaction. Does the substance dissolve in a 1 A nitric acid 
solution? 

Preparation of Orthophosphoric Acid. 1. Dissolve a small amount 
of phosphoric anhydride in distilled water, add several drops of 
dilute sulphuric acid, and boil the solution. Treat the solution with 
molybdenum liquid. Explain what happens. 

2. Put a little phosphorite into a test tube, pour a 50% sulphuric 
acid solution onto it, and heat up to boiling. Pour the solution off 
the precipitate, dilute it with water, and add molybdenum liquid 
to it. What occurs? Write the equations of the reactions. 

3. Put 0.2 g of red phosphorus into a small flask and add 10-15 ml 
of a concentrated nitric acid solution in small portions (in a fume 
cupboard!). Put the flask in a water bath and heat it until the reac¬ 
tion terminates. Pour the solution into a porcelain bowl and evaporate 
the excess nitric acid in a water bath. How can you prove that the 
residue is orthophosphoric acid? 

Pyrophosphoric Acid. Reactions for Determining Pyrophosphoric 
Acid and Its Salts. 1. Test the action of a pyrophosphoric acid on 
a protein. What is observed? 

2. Add several drops of a silver nitrate solution to 2-3 ml of 
a sodium dihydropyrophosphate solution. What is observed? Does 


* To prepare “molybdenum liquid” for determining the phosphate ion, 
dissolve 50 g of ammonium sulphate in 450 ml of a 68% nitric acid solution 
and 150 g of ammonium molybdate in 400 ml of distilled water. Cool the second 
solution to room temperature and pour it into the first one with constant stir¬ 
ring. Bring the total volume of the solution up to one litre. In a few days, 
filter off the solution for the precipitate. 
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the substance obtained dissolve in a dilute nitric acid solution? 
Write the equations of the reactions. 

Preparation. Put 3 ml of concentrated orthophosphoric acid into 
a porcelain bowl. Heat it on a sand bath until the liquid acquires 
a syrupy consistence, and then heat it up to 240 °C. How can you 
prove that the substance obtained is pyrophosphoric acid? 

SALTS OF PHOSPHORIC ACIDS 

Hydrolysis of Ortho- and Pyrophosphoric Acid Salts. Use a uni¬ 
versal indicator to determine the pH of a solution of mono-, di-, and 
trisubstituted sodium salts of orthophosphoric acid, and also of 
di- and tetrasubstituted sodium salts of pyrophosphoric acid. Write 
the equations of the reactions and explain why a different medium 
is obtained when the given salts are dissolved in water. 

Calcium Salts of Orthophosphoric Acid. Pour a calcium chloride 
solution into three test tubes. Add ammonia and a sodium hydrogen 
phosphate solution to one of them, only a sodium hydrogen phos¬ 
phate solution to the second one, and a sodium dihydrogen phosphate 
solution to the third one. What do you observe? Write the equations 
of the reactions and explain how the medium affects the course of 
the process. 

Test how the prepared precipitates react with acetic or hydrochlo¬ 
ric acids. Explain the observed phenomena. What is the composi¬ 
tion of phosphorite, precipitate, superphosphate, and double super¬ 
phosphate? What are the conditions for their use in agriculture? 

Thermal Decomposition of Orthophosphates. Roast several crystals 
of monosubstituted sodium orthophosphate on the lid of a crucible. 
Continue the decomposition reaction until it terminates (how can 
this be determined?). Cool the product of roasting, dissolve it in 
water, and determine the salt of what phosphoric acid is in the solu¬ 
tion. Write the equation of the reaction. 

What products form when disubstituted sodium and ammonium- 
sodium orthophosphates are roasted? What orthophosphates are 
used as fertilizers? Compare the strength of the oxyacids of phospho¬ 
rus, sulphur, and chlorine, and also of nitrogen and phosphorus. 

PHOSPHORUS HALIDES 

Preparation of Phosphorus Trichloride and Pentachloride. (This 
experiment is performed by two students in a fume cupboard!) Assem¬ 
ble an apparatus as shown in Fig. 96. Put 0.2 g of dry red phosphorus 
into each of Wurtz test tubes 1 and 2. See that the lower ends of 
gas-discharge tubes 3 feeding chlorine into reaction tubes 1 and 2 
are 2-3 cm above the phosphorus layer. Displace air from the appa¬ 
ratus using dry carbon dioxide gas, and then fill it with dry chlorine 
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(what must be poured into the wash bottles?). Carefully heat the 
phosphorus in both test tubes with the flame of a gas burner. What 
do you observe? By regulating the heating and the rate of flow of the 
chlorine with the aid of clamps, obtain phosphorus trichloride* in 
one receiver and phosphorus pentachloride in the other. 



Write the equations of the reactions. When the process is complet¬ 
ed, displace the ch-lorine from the apparatus with carbon dioxide. 
Disconnect the receivers with the prepared substances and thorough¬ 
ly close them. 

Hydrolysis of Phosphorus Trichloride. Pour 3 ml of distilled water 
into a test tube and add a small amount of phosphorus trichloride 
dropwise. What do you observe? Write the equation of the hydrolysis 
reaction. Determine the composition of the hydrolysis products. 

Enter the boiling and melting points of the phosphorus halides 
in your laboratory notebook in the form of a table. Compare these 
constants and explain the law according to which they change. 

Hydrolysis of Phosphorus Pentachloride. Introduce a small amount 
of the prepared phosphorus pentachloride into distilled water. What 
do you observe? Write the equation of the reaction and establish the 
composition of the products formed when phosphorus pentachloride 
reacts with water. 

What class of compounds do the phosphorus halides belong to? 

* Phosphorus trichloride can also be prepared by carefully heating a mix¬ 
ture of phosphorus pentachloride with red phosphorus taken in stoichiometric 
amounts. Put the reaction mixture into a Wurtz test tube and distil off the 
formed phosphorus trichloride into a receiver. 
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SUPPLEMENTARY EXPERIMENTS 
AND SYNTHESES 

1. Burning of Phosphorus under Water. Perform the experiment 
in the presence of your instructor! Pour 10-15 ml of distilled water into 
a wide test tube, secure it in a clamp of a stand, and immerse it into 
a beaker with water. Drop a very small piece of white phosphorus in¬ 
to the test tube with water and heat the water in the beaker to a tem¬ 
perature 30-40 °G above the melting point of white phosphorus. 
Regulate the flow of oxygen from a gas meter so that you can count 
the individual bubbles and introduce a glass gas-discharge tube from 
the gas meter bent at right angles into the test tube so that the bubb¬ 
les of the evolving oxygen come into contact with the molten phos¬ 
phorus. What is observed? 

2. Preparation of Hydrogen Phosphide. (Perform the experiment 
in a fume cupboard!) Assemble an apparatus for preparing hydrogen 
phosphide (see Fig. 47). Pour 40 ml of a 30% potassium hydroxide 
solution into a 100-ml round-bottomed flask, introduce 1-2 g of 
white phosphorus into it, and add 2-3 ml of ethyl ether (what is the 
ether poured in for?). Close the flask with a stopper accommodating 
a gas-discharge tube. Immerse the free end of this tube into a bath 
with water. Heat the contents of the flask first carefully, and then 
strongly to the boiling point of the liquid. What do you observe? 
When the reaction has ended, remove the burner and lower the glass 
window of the fume cupboard. Write the equation of the reaction. 

What compounds of phosphorus with hydrogen are known? Com¬ 
pare the properties of phosphine (hydrogen phosphide) and ammonia. 
Write the coordination formulas of the phosphonium ion and hypo- 
phosphorous acid. 

3. Preparation of Phosphonium Iodide. (Perform the experiment 
in a medium of dry carbon disulphide. Carbon disulphide is poisonous 
and readily ignites , its mixture with air is explosive. Work with it requires 
great care and attention. Distil carbon disulphide in a water bath in 
the absence of an open flame!) 

After performing the synthesis, treat the remaining carbon disul¬ 
phide and the ware in which various operations were carried out with 
an abundant amount of an alkaline potassium permanganate solu¬ 
tion. Continue the treatment until the oily drops of the carbon disul¬ 
phide disappear from the surface of the solution. ( Perform all the 
operations in a fume cupboard!) 

To dry carbon disulphide, separate it from the water in which it 
is stored ( carbon disulphide is stored under water!) with the aid of a 
separatory funnel. Pour the carbon disulphide into a bottle with 
a ground-glass stopper. Spill such an amount of fused calcium chlo¬ 
ride into the bottle that its entire bottom is covered with the desic¬ 
cant, and dry the carbon disulphide at least 24 hours. 
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Pour the dry carbon disulphide into a flask for distillation under 
atmospheric pressure (see Fig. 20) and distil it over the fused calcium 
chloride, collecting the fraction boiling at 45-46 °C. Heat with hot 
water in the absence of heating equipment. 

Assemble an apparatus as shown in Fig. 97. Dissolve 10 g of com¬ 
mercial white phosphorus in 50 ml of dry carbon disulphide in flask 
1. Pass a stream of dry carbon dioxide gas through the apparatus. 



Remove dropping funnel 2 and introduce 17.5 g of commercial iodine 
through the middle opening of the flask in small portions. Cool the 
flask with ice. After introducing all the iodine, insert the dropping 
funnel, remove the cooling, and distil off all the carbon disulphide 
(in a water bath) in a stream of carbon dioxide. 

Replace the cooler with an adapter and connect a new dry, pre¬ 
viously weighed receiver to it with the aid of a ground-glass joint. 
Use as the receiver a drawn out Wurtz test tube whose side arm is 
provided with a calcium chloride tube filled with phosphoric anhy¬ 
dride on glass wool. 

Pour in 5 ml of water dropwise from the dropping funnel, after 
which heat flask 1 on a water bath to 80-90 °C. Distil off the phospho- 
nium iodide into a receiver. Repeat the hydrolysis operation several 
times until phosphonium iodide stops evolving. 

Transfer the phosphonium iodide crystals deposited on the adapter 
walls into the receiver by carefully heating the adapter with a weak 
burner flame. Seal the Wurtz test tube (wear eye protection!). Weigh 
the ampoule and the remaining part of the test tube. Calculate the 
yield in per cent. Write the equations of the reactions. 

4. Preparation of Hypophosphorous Acid. (Perform the experiment 
in a fume cupboard!) Assemble an apparatus as shown in Fig. 98. 
Prepare a suspension of 12 g of barium hydroxide in 150 ml of water 
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in four-neck flask 1. Place 2 g of white phosphorus into test tube 2. 
Blow argon through flask 1 via tube 4 during 30 min. Switch on the 
agitator, turn test tube 2 in its ground-glass joint, and introduce the 
phosphorus into the barium hydroxide suspension. Heat the reaction 
flask with the flame of a burner 
until phosphine stops evolving (how 
can this be determined?). Next 
cool the flask. 

Pass carbon dioxide through the 
reaction mixture during 15 min 
(connect a Kipp gas generator 
to tube 4). Filter the precipitate 
(what is its composition?) on a Biich- 
ner funnel and wash it with sev¬ 
eral portions of hot water (50-60°C). 

Evaporate the filtrate together 
with the washing water in a por¬ 
celain bowl in a water bath up to 
one-third of the initial volume, 
again filter the solution through a 
smooth filter, and once more evap¬ 
orate it up to the appearance of 
a crystalline film (be careful, avoid 
overheating!). Add an equal volume 
of ethanol to the warm solution. 

Cool the mixture and separate the 
crystals by filtration. Write the 
equations of the reactions. 

Treat the unreacted white phosphorus deposit remaining on the 
walls of the reaction flask with bromine water. 

To prepare hypophosphorous acid, dissolve 4 g of freshly prepared 
barium hypophosphite monohydrate in 60 ml of water in a 
glass beaker. Introduce 5 ml of a 25% sulphuric acid solution 
into the solution while stirring it. Let the mixture stand over¬ 
night. 

Decant the solution and filter it with suction through a dense paper 
filter into a dry and clean Bunsen flask. Carefully evaporate the 
filtrate on a sand bath (in a fume cupboard!) until the temperature of 
the solution rises to 105-110 °C (a thermometer!). See that the liquid 
does not boil and does not ignite. Cool the bowl in an ice and water 
mixture for 20-30 min. Filter off the crystals in a stream of nitrogen 
(see Fig. 64 b) using a glass filter No. 2. Conduct reactions character¬ 
izing the properties of hypophosphorous acid. 

5. Preparation and Separation of Phosphorus Tri- and Pentachlo- 
rides . Preparation of Phosphorus Trichloride. (Perform the experiment 
in a fume cupboard!) Wash 15 g of commercial red phosphorus with 



Fig. 98. Apparatus for preparing 
hypophosphorous acid 
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a dilute sodium hydroxide solution. Filter on a Buchner funnel and 
dry in a vacuum drying cabinet at 70-80 °C. 

Assemble an apparatus as shown in Fig. 99a. Put 10 g of purified 
dry phosphorus into test tube 2. Cool test tube 2 with ice. Displace 
the air from the apparatus with a stream of dry nitrogen (carbon 
dioxide). Pass a stream of dry chlorine through the apparatus, heat¬ 
ing tube 2 in a sand bath up to a temperature of 250-300 °C (use a 
thermometer!). Carry out chlorination so that the formed phosphorus 




Fig. 99. Apparatuses for chlorinating phosphorus (a) and preparing phosphorus 
pentachloride (6) 

trichloride is uniformly distilled off into receiver 2. Terminate the 
chlorination when about one-fourth of the taken amount of phospho¬ 
rus remains in tube 2. 

Purify the “crude” phosphorus trichloride. Put 1.5-2 g of dry red 
phosphorus into test tube 2. Connect the latter to a dephlegmator 
with a thermometer and a cooler provided with a receiver (see 
Fig. 20) via a standard ground-glass joint. Fill the apparatus with 
dry nitrogen (carbon dioxide) through side arm 3 and distil the phos¬ 
phorus trichloride in a stream of nitrogen, heating the test tube with 
the flame of a burner. Collect the fraction boiling within the tempera¬ 
ture interval 75-77 °C. Pour the prepared phosphorus trichloride into 
a dry drawn out test tube. Seal the latter (wear eye protection!). Hand 
in the ampoule with the substance to your instructor. 

Preparation of Phosphorus Pentachloride. Prepare phosphorus tri¬ 
chloride or take the substance from the laboratory assistant. Assem¬ 
ble an apparatus as shown in Fig. 996. Put the phosphorus trichloride 
into test tube 2 and connect reflux condenser 4 with water cooling to 
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tube 2. Displace the air from the apparatus with a stream of dry 
nitrogen through side arm 3 and then pass a stream of dry chlorine 
through the apparatus while heating test tube 2 in a water bath. 
Perform chlorination until all the liquid transforms into white crys¬ 
tals of phosphorus pentachloride. Transfer the substance into a 
drawn out test tube in a dry chamber. Seal the latter (wear eye pro¬ 
tection!). Hand in the ampoule with the substance to your instructor. 



Fig. 100. Setup for preparing [phos¬ 
phorus tribromide from white| phos¬ 
phorus 



Fig. 101. Setup for preparing phos¬ 
phorus tribromide from red phosp 
horus 


6. Preparation of Phosphorus Tribromide by Reacting White Phos¬ 
phorus with Bromine. (Perform the experiment in a fume cupboard ]) 
To prepare phosphorus tribromide, one must have purified white 
phosphorus and dry bromine. 

To prepare pure white phosphorus, place commercial white phos¬ 
phorus into a wide test tube with water. Heat the tube with the phos¬ 
phorus in a beaker with hot water until the phosphorus melts. Vig¬ 
orously stir the melt with a glass rod during 20-25 min. Stir it 
until the “dirt” gathers on the surface of the melt and the latter 
becomes transparent. 

Cool the test tube in the air. Put the tube with the solidified 
phosphorus into a crystallizer with water. Break the tube under the 
water and remove the dirty surface layer from the obtained piece 
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of phosphorus with a sharp knife under the water. Transfer the 
pure phosphorus into a bottle with water. 

Carefully pour bromine (in a fume cupboard , lower the glass window!) 
into the crystallizer with water and the remaining phosphorus. 
“Slake” the phosphorus with bromine water while stirring with a 
glass rod. 

• Assemble a setup as shown in Fig. 100. Lubricate the ground- 
glass joints with phosphoric acid. Displace the air from the setup 
with dry carbon dioxide. Pour 50 ml of absolute benzene into 250-ml 



Fig. 102. Apparatus for preparing phosphorus iodide 

flask 1. Take the phosphorus with pincers from the bottle with water 
and transfer it into a mortar with water. Cut off several pieces of the 
phosphorus under the water and weigh about 8 g in a small beaker 
with water. Rapidly dry each piece with filter paper, and then lower 
it in turn into small beakers with absolute ethanol and absolute 
ether. Remove dropping funnel 4 and carefully introduce 8 g of the 
pure white phosphorus into the flask via opening 3. 

Replace the dropping funnel and pour 20 ml of dry bromine into 
it (wear gloves!). Place a bath with cold water under the flask. Add 
the taken amount of bromine dropwise from the dropping funnel into 
the reaction flask during 20-25 min. 

When the reaction ends, rapidly transfer the product into an ap¬ 
paratus for fractional distillation at atmospheric pressure (see 
Fig. 20). Distil off the benzene at 80 °C, heating the flask on an elec¬ 
tric stove with an enclosed coil. After distilling off the benzene, pour 
the water out of the cooler. Disconnect the receiver with the benzene 
and connect a new dry receiver. Perform further distillation and 
gather the fraction boiling at 172-174 °C. 

Rapidly pour over the substance into a weighed drawn out test 
tube. Seal the latter (wear eye protection!). Weigh the ampoule with 
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the substance and the remaining parts of the tube. Write the equa¬ 
tion of the reaction. Calculate the yield in per cent. 

7. Preparation of Phosphorus Tribromide by Reacting Red Phos¬ 
phorus with Bromine. (Perform the experiment in a fume cupboardl) 
Assemble an apparatus as shown in Fig. 101. Put 4 g of dry red phos¬ 
phorus into three-neck round-bottomed flask 1. Fill cooler 2 with 
water. Displace the air from the 
setup with a stream of dry carbon 
dioxide and close tube 4 feeding 
in the gas with a clamp. Pour dry 
bromine in dropwise from dropping 
funnel 3. What amount of bro¬ 
mine should be poured into the fun¬ 
nel? Agitate the flask during the ex¬ 
periment. What deposits on the 
walls of the flask? Stop the reaction 
when a small amount of the unre¬ 
acted phosphorus remains. Remove 
cooler 2 and close the opening with 
a stopper. 

Replace the dropping funnel with 
a dephlegmator provided with 
a thermometer and a Liebig con¬ 
denser (see Fig. 20). Carefully heat 
the flask with the flame of a gas 
burner. What happens? Collect the 
fraction boiling at 172-174 °C. 

Transfer the prepared phosphorus 
tribromide into a weighed drawn 
out test tube and seal it (wear eye 
protection!). Weigh the ampoule to¬ 
gether with the remaining parts of Fig. 103. Setup for preparing 
the test tube. Calculate the yield phosphorus thiochloride 
in per cent. 

8. Preparation of Phosphorus Iodide P 2 I 4 . To prepare phosphorus 
iodide, one must have thoroughly dried carbon disulphide (see 
“Preparation of Phosphonium Iodide”) and purified white phosphorus 
(see “Preparation of Phosphorus Tribromide”). (Perform the experi¬ 
ment in a fume cupboard!). 

Assemble an apparatus as shown in Fig. 102. Lubricate the ground- 
glass joints with phosphoric acid. Fill the apparatus with dry carbon 
dioxide using offtake 2. Pour 10 ml of dry carbon disulphide from 
dropping funnel 3 into flask 1. 

Cut off 1 g of white phosphorus under water, dry it with filter paper, 
and wash it with absolute ethanol and absolute ether. Introduce the 
phosphorus into flask 1 through opening 4 and attach the cooler. 
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Dissolve 8.2 g of iodine (freshly sublimed) in 40 ml of carbon di¬ 
sulphide in a small clean and dry flask, pour the solution into drop- 
pingfunnel#, and add it to the reaction flask dropwise. Periodically 
shake the flask. Let the solution stand for an hour. Distil off the 
carbon disulphide in a water bath at a temperature not exceeding 
50 °C. 

Cool the small amount of the phosphorus iodide solution remain¬ 
ing in the flask with ice. Separate the precipitated crystals using 
a filter No. 2 in a stream of an inert gas (see Fig. 64 b) and wash them 
with dry carbon tetrachloride. Put the crystals into a weighed weigh¬ 
ing bottle. Calculate the yield in per cent. 

9. Preparation of Phosphorus Thiochloride. Put 33 ml of phospho¬ 
rus trichloride and 12 g of finely triturated sulphur into flask 1 
(Fig. 103). Place 3 g of anhydrous aluminium chloride into test 
tube 3. 

Heat flask 1 on a water bath. When the phosphorus trichloride 
boils, turn test tube 3 in its ground-glass joint and introduce the 
aluminium chloride in small portions into the reaction mixture. 
Stop the heating because the reaction is very violent. Have at hand 
a bath with cold water to be able to retard the reaction by cooling 
the reaction mixture if required. The reaction ends when the liquid 
in the flask stops boiling. 

Pour the reaction mixture into the flask of an apparatus for frac¬ 
tional distillation under atmospheric pressure (see Fig. 20). Collect 
the fraction boiling at 125 °C. Pour the phosphorus thiochloride into 
a weighed drawn out test tube. Seal the ampoule (wear eye protection !). 
Weigh the ampoule and the remaining parts of the test tube. Write 
the equation of the reaction. Calculate the yield in per cent. Test 
the reaction of phosphorus thiochloride with water. Write the equa¬ 
tion of the reaction. What is the oxidation state of sulphur in this 
compound? 


CARBON 

Indicate the position of carbon in Mendeleev’s periodic table of the 
elements, the electron configuration and size of its atom, and its 
oxidation states. 

15.1 COMPOUNDS 

CARBON (IV) OXIDE 

Preparation and Properties. Charge a Kipp gas generator for 
producing carbon dioxide, i.e. carbon(IV) oxide. Fill three dry 
jars with the gas (how can you convince yourself that the jars are 
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filled?). Light a small flame of a burner and pour out the contents of 
one of the jars onto it. What do you observe? 

Using pincers or a tong, rapidly introduce a ribbon of burning 
magnesium into the second jar. What occurs? Write the equation of 
the reaction. 

Introduce a spoon with red phosphorus ignited in the air into the 
third jar ( carefully , in a fume cupboard!). Explain the observed phe¬ 
nomena. 

Pass a stream of carbon dioxide into distilled water during 3-5 min. 
Test the solution with indicators. What processes occur when car- 
bon(IV) oxide reacts with water? What ions are present in the solu¬ 
tion? Write the equations of the reactions. Find the dissociation 
constants of carbonic acid (see Table 9). 


SALTS OF CARBONIC ACID 

1. Pour 2-3 ml of a 1 N sodium hydroxide solution into a test tube 
and pass carbon(IV) oxide through it until the solution becomes 
almost neutral. Heat the solution. What gas evolves? After this, 
test the reaction of the solution with indicators. Write the equations 
of the reactions and explain the difference in the action of the solu¬ 
tions on indicators. What salt hydrolyzes more—sodium carbonate or 
bicarbonate? Why? 

2. See how the carbonates of various metals change when heated. 
For this purpose, roast the following salts in test tubes: basic copper 
carbonate, magnesium, calcium, and sodium carbonates, and so¬ 
dium bicarbonate. Pass the evolving gas into lime water. Write the 
equations of the reactions. Explain why the thermal stability of the 
studied carbonates differs. 


CARBON(II) OXIDE 

Carbon(II) oxide is a strong poison! Perform the experiments only 
in a fume cupboard , lower the glass window! 

Carbon(II) oxide (carbon monoxide) is prepared under laboratory 
conditions from formic or oxalic acid (prepare it only in one of these 
ways). 

Preparation of Carbon(II) Oxide from Formic Acid and Studying 
Its Properties. 1. Assemble an apparatus as shown in Fig. 104. Pour 
20 ml of a concentrated sulphuric acid solution into the 100-ml 
Wurtz flask, 15 ml of formic acid into the dropping funnel, a small 
amount of vaseline oil (a bubble counter) into the first wash bottle, 
and leave the second wash bottle empty. Put about 0.1 g of copper(II) 
oxide in the middle of a tube made from refractory glass, preferably 
with a widened part at its middle. Pour water into the crystallizer. 
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Carefully heat the flask with the sulphuric acid up to 60 °C and 
add the formic acid dropwise to it. Collect the evolving gas over the 
water in a small jar and test it with a burning splinter. What do 
you observe? 

2. Having completely displaced the air from the apparatus (how 
can this be proved?), heat the part of the tube where the copper oxide 
is with the flame of a burner in a stream of carbon(II) oxide. How 



Fig. 104. Apparatus for preparing carbon(II) oxide and studying its properties 

does the colour change? See how the evolving gas reacts with lime 
water. What properties of carbon(II) oxide are indicated by this 
experiment? 

3. Remove the bath with water, remove the rubber tube with a 
bent glass tip from the end of the apparatus, and pass the carbon(II) 
oxide through ammonia solutions of silver nitrate and copper(I) 
chloride* poured into test tubes. What happens? Does the carbon(II) 
oxide exhibit the same properties in these reactions? How can one 
prove that carbon(II) oxide will evolve when the formed complex 
compound of copper(I) is heated? 

After completing the experiments, cool the apparatus in a stream 
of carbon(II) oxide. Disconnect the refractory tube, extract the prep¬ 
aration from it and hand it in to your instructor. 

Preparation of Carbon(II) Oxide from Oxalic Acid and Studying 
Its Properties. Assemble an apparatus as shown in Fig. 104, sub- 

* Prepare an ammonia solution of a silver salt by adding an ammonia 
solution to a silver nitrate one until the silver oxide precipitate vanishes. 
Prepare an ammonia solution of copper(I) chloride by dissolving the latter 
in a concentrated ammonia solution. 
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stituting an open funnel with a long tube almost reaching the bottom 
of the Wurtz flask (see Fig. 53a) for the dropping funnel with an off¬ 
take tube. 

Put 15 g of oxalic acid and 20 ml of concentrated sulphuric acid 
into the Wurtz flask. Pour a 10% sodium hydroxide solution into 
the first wash bottle instead of the vaseline oil (for what purpose?) 
and concentrated sulphuric acid into the second one. Put about 0.2 g 
of copper(II) oxide into the middle part of the refractory glass tube. 
Heat the reaction mixture in the Wurtz flask in a sand bath up to 
the beginning of vigorous evolution of the gas, after which remove 
the bath (in the presence of your instructor/). 

Study the properties of the carbon(II) oxide as indicated above. 

CARBIDES 

Examine specimens of calcium, manganese, silicon, and tungsten 
carbides. How do the carbides differ as regards the action of water 
and acids on them? 

Properties of Calcium Carbide. (Perform the experiment in a fume 
cupboard!) Assemble an apparatus (see Fig. 76) and check its tight¬ 
ness. Put one or two small pieces of calcium carbide into the dry 
Wurtz flask and pour water into the dropping funnel. By adding 
the water dropwise to the calcium carbide, pass a stream of the gas 
formed through the apparatus (for what purpose?), then collect the 
gas in a test tube over water and test it with a burning splinter. 
What happens? Write the equation of the reaction. 

Upon completion of the reaction, filter the solution through a 
paper filter and add a few drops of phenolphthalein to it. What is 
observed? 

Why can calcium carbide be called an acetylide, while beryllium 
and aluminium carbides cannot be given this name? 

SUPPLEMENTARY EXPERIMENTS 
AND SYNTHESES 

1. Preparation of Activated Carbon. Pour about 50 ml of water 
and put 35 g of charcoal into a 100-ml beaker and heat the latter 
until the charcoal sinks completely into the water. Extract the char¬ 
coal from the beaker, dry its surface with filter paper, and weigh it. 
Calculate the amount of water (in per cent) adsorbed by the charcoal. 

For complete drying of the charcoal, put it into an iron crucible, 
cover it with a lid, and roast it during 20-30 min at 500 °C. Cool 
it in a desiccator. What is the essence of the carbon activation pro¬ 
cess? 

2. Comparison of Adsorptivity of Activated and Non-Activated 
Carbon. Assemble an apparatus for preparing dry chlorine (see 
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Fig. 53a). Take two small U-tubes, close their upper openings with 
rubber stoppers, and their side offtakes with short rubber tubes 
having glass rods inserted into them. Weigh the tubes. Fill one U-tube 
with the prepared activated carbon, and the other with ordinary 

charcoal. Again weigh both tubes 
and connect them by a tee-piece to 
a source of chlorine. 

Pass a stream of dry chlorine dur¬ 
ing 10-15 min through both tubes. 
What do you observe? Is heat 
liberated in this process? 

Disconnect the U-tubes from the 
apparatus, close their side open¬ 
ings, let them cool, and weigh 
them. Use the obtained data to cal¬ 
culate the adsorptivity of carbon. 
Enter the data in a table. 

Define adsorption. How is the 
sorptivity of sorbents expressed? 
How can the high adsorptivity of 
Fig. 105. Arrangement for prepa- carbon be explained? 
ring calcium carbide 3. Preparation of “Dry” Ice. Put 

a bag made from a dense fabric 
onto the valve of a cylinder with liquid carbon dioxide and discharge 
a strong stream of the gas. What is observed? Measure the tempera¬ 
ture of the solid carbon dioxide—“dry” ice. Put a small piece of the 
ice into a beaker and carefully add 3-5 ml of ethyl ether or ethanol 
(extinguish all burners!). Again measure the temperature. Write down 
the result. 

4. Preparation of Calcium Carbide in an Electric Arc Furnace. 

Assemble an arrangement as shown in Fig. 105, using for this pur¬ 
pose two clay flower pots or chamotte crucibles of a different size 
with a hole in their bottom. Fill the space between the pot walls with 
dry sand. Insert a carbon electrode through the bottom holes of the 
pots and fasten it in a clamp. Triturate several pieces of carbon for 
arc lamps in a mortar. Prepare a similar powder from a natural chalk, 
better from calcium oxide. Weigh 8 g of calcium oxide and the cal¬ 
culated amount of carbon and thoroughly mix them. Spill the mix¬ 
ture into the inner pot of the arrangement* and lower a second upper 
carbon electrode so that it almost contacts the first one. Connect a 
rheostat for 40 V. Switch on the current, which should be 10-15 A. 
Carefully move the electrodes apart, trying to obtain the maximum 

* The mixture can be made into beads. To do this, add to it thick starch 
size or a solution of dextrin in cold water until a thick dough is formed. Make 
beads 5 mm in diameter from it. Put the beads on a chamotte plate and dry them 
in a drying cabinet at a temperature of 100 °C. 
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size of the electric arc. The duration of the experiment depends on 
the amount of mixture taken. In the given case, 10-15 min are suffi¬ 
cient. See how the substance obtained reacts with water. Write the 
equations of the reactions. 

5. Preparation of Calcium Carbide by Reacting Metallic Calcium 
with Carbon. Prepare a mixture from 5 g of calcium (crumbles) 
and 3 g of powdered coal. Put the mixture in a crucible, close it with 



Fig. 106.. Apparatus for preparing chloroform 


a lid, and heat it up to a dark red glow (500-550 °C) during 5-10 min. 
After cooling, extract the sintered substance. See how it reacts with 
water. Write the equation of the reaction. 

6. Preparation of Chloroform. First prepare chlorinated lime. 
To do this, add 60-80 ml of water to 60 g of pure slaked lime placed 
in a beaker. Thoroughly stir the mixture. Put the beaker into a 
bath with ice and pass chlorine purified from hydrogen chloride into 
the mixture during two hours. 

Transfer the obtained chlorinated lime into the reaction flask of 
an apparatus for preparing chloroform (Fig. 106) and pour in 150 ml 
of water. Put a mixture of 20 ml of acetone and 20 ml of water into 
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the dropping funnel. The end of the latter must be below the level 
of the liquid in the flask. Pour 20 ml of water into the receiver flask 
to prevent evaporation of the distilled chloroform. 

Add the acetone dropwise to the flask from the dropping funnel. 
Carefully heat the flask on an enclosed electric stove. If the reaction 
proceeds too violently, the reaction mixture may be thrown from the 
flask into the receiver. In this case, stop heating and cool the flask 
in a bath with cold water. Add the following portions of acetone as 
the formed chloroform is distilled off. 

Separate the chloroform from the water with the aid of a separato¬ 
ry funnel. To purify the chloroform, place it into a separatory funnel 
and pour in a 2% sodium hydroxide solution. Mix the liquid well 
by shaking it. Separate the chloroform layer. Repeat the operation, 
replacing the sodium hydroxide solution with water. Dry the chlo¬ 
roform over anhydrous copper sulphate. 

Transfer the dry chloroform into the flask of an apparatus for 
distillation under atmospheric pressure (see Fig. 20). Collect the 
fraction boiling at 62 °C. Weigh the substance and calculate its yield 
in per cent. Write the equation of the reaction of chlorinated lime 
with acetone. 


THE COLLOIDAL STATE OF SUBSTANCES 

16.1 PREPARATION OF COLLOIDAL SOLUTIONS 

CONDENSATION 

Preparation of a Sulphur Sol. Prepare a saturated solution of 
sulphur in ethanol in a test tube. Take 2-3 g of sulphur and 10 ml 
of ethanol for this purpose. The solution will become saturated after 
vigorous shaking during 15 min. Filter off the undissolved sulphur, 
measure off 5 ml of the solution, and carefully pour it dropwise into 
20 ml of distilled water. Pour part of the colloidal solution into two 
test tubes in equal portions. Add 1 ml of water to the first tube and 
1 ml of a barium chloride solution to the second one, and heat both 
tubes. What happens? How does the electrolyte affect the stability 
of the solution? Define a gel and a sol. 

Preparation of an Iron(III) Hydroxide Sol. Heat 85 ml of distilled 
water in a conical flask up to boiling. Without removing the flask 
from the gauze, remove the burner and add 15 ml of a 0.1 N iron(III) 
chloride solution dropwise to the flask. Again boil the solution for 
several minutes. What occurs? How can the change in the colour of 
the solution be explained? Cool the solution and keep it for subsequent 
experiments. 
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Preparation of Manganese(IV) Oxide Sol. Add a 2% hydrogen 
peroxide solution to 5 ml of a potassium permanganate solution con¬ 
taining 14 g of salt per litre of solution until the violet colour dis¬ 
appears. Write the equation of the reaction. To determine the end 
of the reaction, proceed as follows: add a few drops of a saturated 
sodium chloride solution to a small sample and heat it. If a violet 
colour is noticeable, add more hydrogen peroxide solution to the 
main solution. 

Subject the solution obtained to dialysis and treat the washing 
water first with phenolphthalein and then with methyl orange. Pour 
the solution into a number of test tubes and add to them 1 N solu¬ 
tions of salts of mono-, di-, and trivalent cations, respectively. What 
is observed? Explain the occurring processes. 

DISPERSION 

Preparation of a Silver Hydrosol by Electrolytic Dispersion. 

Assemble a device as shown in Fig. 107. Attach (better solder) insu¬ 
lated copper wires to the silver electrodes. Tightly fit sleeves (glass 
tubes) onto the electrodes so 
that only short ends of the lat¬ 
ter protrude. Connect a rheostat 
for 18-20 Q and 15 A. Pour dis¬ 
tilled water into a small crys¬ 
tallizer. Immerse the end of 
one silver electrode into the 
distilled water up to a depth 
of 2 cm and secure it in such 
a position in a clamp of a stand. 

Set the rheostat to its maximum 
resistance. Switch on the cur¬ 
rent from the mains. Bring the 
second silver electrode, holding 
its sleeve in your hand, into contact with the first one for an 
instant and then rapidly move it 1-2 mm away. If no arc appears, 
reduce the resistance somewhat. By gradually decreasing the resis¬ 
tance, keep the arc continuous. In 5-10 min, switch off the current 
and filter the solution. See how the prepared colloidal solution of 
silver is affected by heating and the action of electrolytes. 

Preparation of an Aluminium Hydroxide Sol by Peptization. 
Prepare 100 g of a 10% aluminium chloride solution. Add an ammo¬ 
nia solution to it up to complete precipitation of aluminium hydrox¬ 
ide. Write the equation of the reaction. Wash the precipitate two> 
or three times with water by decantation, and then on a filter in a 
Buchner funnel. When the precipitate becomes viscid, transfer it 
into a large beaker and add 50 ml of distilled water. Boil the contents 
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-of the beaker and add a few drops of a 0.1 N hydrochloric acid solu¬ 
tion. Continue the boiling for 1.5-2 hours, adding the acid dropwise 
from time to time. Calculate whether the amount of acid used is 
sufficient for transforming the hydroxide into aluminium chloride. 
See how the solution reacts with electrolyte solutions. 

Which colloids are called lyophilic and which lyophobie? 


16.2 


PROPERTIES OF COLLOIDS 


TYNDALL EFFECT 

To detect the Tyndall effect, use a device (Fig. 108) consisting of 
box divided into two equal parts by partition 1 with small aper¬ 
ture 2 at its middle. An electric 
lamp (100-150 W) is installed 
in outer wall 3 of the box. The 
second half of the box is provid¬ 
ed with shelf 4 on which a 
beaker with a solution is placed. 
Observations are performed 
through an opening in the box 
door. 

Put a chemical beaker with 
a water-ethanol solution of sul¬ 
phur onto shelf 4. Switch on 
the lamp. Shut the door of the 
box and through an opening in 
it observe the luminous cone 
in the colloidal solution. Re¬ 
place the colloidal sulphur so¬ 
lution with a true solution of 
sodium chloride in water. Is 
a luminous cone seen? Explain what causes a cone to appear when 
a light beam passes through colloidal solutions. 



ADSORPTION OF COLOURED SUBSTANCES 

Pour 50 ml of an aluminium chloride solution into a 100-ml 
beaker and precipitate aluminium hydroxide by adding an ammonia 
solution with stirring. How can the completeness of precipitation 
be determined? Filter off the aluminium hydroxide on a funnel with 
a filtering bottom and without removing the hydroxide from the 
filter, pass a solution of methylene blue through it. How can the 
-vanishing of the colour of the solution be explained? 
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DIALYSIS 

Prepare a collodion bag. To do this, thoroughly wash a test tube 
(up to complete wettability) and dry it in a drying cabinet. Fill 
the tube with collodion and rapidly pour it out again. Slowly rotate 
the test tube and let the collodion become uniformly distributed over 
its walls. Keep the tube inverted. Dry the film in the air up to the 
complete disappearance of an ether odour. Next rinse the test tube 
several times with distilled water to remove the unevaporated ether. 

To extract the collodion bag from the tube, slightly separate the 
film from the edge of the tube and pour distilled water between the 
walls of the tube and the film. When the entire bag pulls away from 
the glass, pour several millilitres of water into it and carefully ex¬ 
tract it from the tube. 

Prepare a fused glass tube 2-3 cm long and about 1 cm in diameter. 
Carefully introduce the end of the tube into the upper part of the 
bag and fasten the bag to the tube with thread. Store the bag in a 
beaker in water. 

Perform the dialysis of an iron(III) hydroxide solution prepared 
from iron(III) chloride. For this purpose, without extracting the 
bag from the water, insert a funnel into it and carefully fill it with an 
iron hydroxide sol. In 10 minutes, pour the water out of the beaker 
with a siphon and fill it with a new portion of water. Repeat 
the operation until chloride ions are no longer detected in the solu¬ 
tion. 


COAGULATION OF AN IRON(III) HYDROXIDE SOL 

Pour 2 ml of the prepared colloidal iron hydroxide solution into 
each of several test tubes and add 2 ml of one of the following solu¬ 
tions of the same normality (0.1 N) to each of them: sodium chloride, 
barium chloride, aluminium chloride, sodium sulphate, aluminium 
sulphate, or monosubstituted sodium orthophosphate. What do you 
observe? How does the coagulating effect of an electrolyte depend 
on the sign and magnitude of the charge of its ions? 


SILICON 

Indicate the position of silicon in Mendeleev’s periodic table of 
the elements, the electron configuration and size of its atom, and 
its oxidation states. 
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17.1 PREPARATION AND PROPERTIES 

Preparation of Amorphous Silicon. (Perform the experiment in 
a fume cupboard!) Mix 1 g of dry quartz sand finely comminuted in 
an iron mortar with 1.5 g of powdered magnesium. Spill the mixture 
into a test tube fastened in a clamp of a stand over a sheet of iron 
or asbestos. First heat the tube over its entire length, and then strong¬ 
ly heat its bottom. What do you observe? 

Break the test tube and transfer the product of roasting in small 
portions into a beaker containing 20 ml of a 25% hydrochloric acid 
solution. What gas evolves? How can you explain the observed flashes 
of light? Write the equations of the reactions. Filter off the silicon 
gathered on the bottom of the beaker. 

Properties of Silicon. Treat a small amount of the prepared sili¬ 
con in a test tube with a 20% sodium hydroxide solution. What 
happens? Write the equation of the reaction. See how silicon reacts 
with acids. Keep the remaining preparation for following experi¬ 
ments. 

17.2 COMPOUNDS 

SILICATES 

Hydrolysis of Sodium Silicate. Dissolve several sodium silicate 
crystals in hot water and filter the solution if required. Test the 
action of the solution on phenolphthalein. Explain the change in 
the colour of the indicator. 

Pour the solution into three test tubes. Pour dilute hydrochloric 
acid into the first tube. What happens? Write the equation of sodi¬ 
um silicate hydrolysis. Add a little dry ammonium chloride to 
the second tube. Stir the contents of the tube very well. What is the 
composition of the precipitate? Write the equation of the reaction. 
Pass a stream of carbon dioxide through the solution in the third 
tube. What do you observe? Write the equation of the reaction. 

Preparation of Insoluble Silicates. Add solutions of calcium, 
iron(II), and cobalt salts to each of solutions of sodium silicate in 
separate test tubes. What occurs? Write the equations of the reac¬ 
tions. 

You can obtain an “inorganic garden”. For this purpose, pour 
30-50 ml of a “liquid” glass solution into a beaker and drop crystals 
of cobalt, iron(II), aluminium, nickel, copper, and calcium salts into 
the solution. What is observed? 

Hydrolysis of Glass. Heat a part of a glass tube until it softens 
and rapidly lower its end into a beaker with water. Repeat the oper¬ 
ation several times. Pour off the water, transfer the fine glass frag¬ 
ments into a porcelain mortar, and grind them into a powder. Pour 
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in two or three drops of a phenolphthalein solution. Explain why a 
colour appears. 

How is glass manufactured in the industry? What grades of glass 
do you know? What is the state of aggregation of glass? What is the 
composition of commercial soluble glass? 

SILICIC ACIDS 

Hydrogel of Silicic Acid. Pour 5 ml of a concentrated solution 
of soluble glass into a test tube, rapidly pour 3 ml of a 24% hydro¬ 
chloric acid solution into it, and stir with a glass rod. What is ob¬ 
served? Write the equation of the reaction. How can you explain 
the formation of a gel? 

Hydrosol of Silicic Acid. Add 1 ml of soluble glass to 6 ml of 
a 37% hydrochloric acid solution. Why does no gel form in this case? 
Does the acid solution obtained 
pass through a filter? Heat the solu¬ 
tion almost to boiling, and then cool 
it. What happens? How can the 
silicic acid sol be separated from 
electrolytes in a solution? 

FLUOSILICIC ACID 

Preparation. Assemble an appa¬ 
ratus as shown in Fig. 109. Mix 
2 g of dry quartz sand with 2 g 
of calcium fluoride. Transfer the 
mixture into a Wurtz flask and 
add 15 ml of a 96% sulphuric acid 
solution. Close the flask with a 
stopper. The funnel must touch the 
surface of the water in the beak¬ 
er. Heat the flask. What do you 
observe? What gas evolves under the funnel? What substance pre¬ 
cipitates? What is in the solution? Write the equations of the reac¬ 
tions. Keep the solution. 

Properties. See how a fluosilicic acid solution acts on various 
indicators. Study the reaction of this solution with metals, namely, 
zinc and magnesium. 

SUPPLEMENTARY EXPERIMENTS 
AND SYNTHESES 

1. Preparation of Crystalline Silicon. Pure crystalline silicon is 
prepared in a quartz ampoule (Fig. 110). Put 2.5 g of amorphous 
silicon and 0.5 g of iodine preliminarily purified by sublimation 



Fig. 109. Apparatus for prepar¬ 
ing fluosilicic acid 
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into the ampoule (see p. 103). Connect the ampoule to a vacuum sys¬ 
tem and evacuate it during 20-30 min to a vacuum of 10~ 3 mmHg. 
Seal the ampoule in the vacuum ( wear eye protection!). 

Place the sealed ampoule into a two-zone furnace in which a tem¬ 
perature gradient of 1150-950 °C is maintained and leave it there for 

ir~ x ) 

Fig. 110. Quartz ampoule for preparing crystalline silicon 

eight hours. Heat and cool the furnace gradually, retaining a con¬ 
stant difference of 200 °C between the temperatures of the zones. 

Open the ampoule and purify the formed crystalline silicon from 
iodine by subliming the latter in vacuum. Explain the occurring 
processes. 

2. Preparation of Silicic Acid Anhydride. Dissolve a small amount 
of potassium silicate in a minimum amount of water, filter the so¬ 
lution if necessary, and add a 37 % hydrochloric acid solution up to 
a strongly acidic reaction. Transfer the solution into a porcelain 
bowl and evaporate it until dry in a sand bath. Wash the dry resi¬ 
due with warm water until the chloride ions are removed, then roast 
it and see how it reacts with solutions of an alkali and hydrofluoric 
acid (in a lead bowl in a fume cupboard!). Write the equations of the 
reactions. What is obtained when silicic acid anhydride is melted with 
alkalies? 

3. Preparation of Silicon Tetrachloride. To prepare amorphous 
silicon, mix 2 g of dry quartz sand comminuted in an iron mortar 
with 3 g of powdered magnesium. Spill the mixture into a refractory 
test tube, secure it at an angle in a stand, and carefully heat first 
the entire tube, and then its bottom end more intensively until the 
mixture ignites. When the reaction ends, break the test tube, extract 
the product, crush it, and wash it (in a fume cupboard, wear eye pro¬ 
tection !) with dilute hydrochloric acid until the flashes of light van¬ 
ish. Filter off the silicon, wash it on the filter with distilled water, 
and dry it in the air. 

The products of the reaction between silicon(IV) oxide and pow¬ 
dered magnesium can also be used to prepare silicon tetrachloride with¬ 
out the separation of free silicon. 

Place the prepared silicon (or the product of reacting silicon(IV) 
oxide with magnesium) in a porcelain boat into quartz tube 1 of 
the apparatus shown in Fig. 111. Dry the apparatus and the silicon 
in a stream of dry carbon dioxide at 200 °C during one hour. Raise 
the temperature of the furnace to 400 °C and use a chlorine stream 
instead of that of carbon dioxide. Perform chlorination during 
1.5-2 hours. 
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Collect the liquid silicon tetrachloride in a receiver flask provided 
with a calcium chloride tube or a wash bottle with a desiccator. Cool 
the receiver with a mixture of ice and table salt. 

For complete purification from chlorine, distil the silicon tetra¬ 
chloride over copper shavings in an apparatus for distillation under 
atmospheric pressure (see Fig. 20) and collect the fraction boiling 
at 57-59 °C. First thoroughly dry the distillation apparatus with 


co 2 



Fig. 111. Apparatus for preparing silicon tetrachloride and silicochloroform* 


a stream of dry carbon dioxide. Rapidly transfer the pure silicon tet¬ 
rachloride into a weighed drawn out test tube in a dry chamber and 
seal it (wear eye protection!). Weigh the ampoule together with the 
remaining parts of the test tube. Write the equations of the reac¬ 
tions. Calculate the yield in per cent. 

4. Preparation of Silicochloroform. Assemble an apparatus as 
shown in Fig. 111. Weigh 2-3 g of crystalline silicon, thoroughly 
wash it with a 10% hydrochloric acid solution, and dry it for one 
hour in vacuum (10“ 2 mmHg) at 60-70 °C. Put the boat with the 
silicon into tube 1. Displace the air from the apparatus by passing 
an intensive stream of dry hydrogen chloride through it during 30- 
40 min. Without stopping the hydrogen chloride stream, switch on 
the furnace and slowly, during 30-40 min, raise the temperature of 
the reaction zone to 350-400 °C. Cool receiver 2 with a mixture of 
dry ice with acetone, maintaining the temperature of the cooling 
mixture at —70 °C. After hydrochlorination of the reaction mixture 
at 350-400 °C for two hours, stop the stream of hydrogen chloride. 

Rapidly connect the receiver with the silicochloroform via stan¬ 
dard ground-glass joint 3 to an apparatus for fractional distilla¬ 
tion under atmospheric pressure (see Fig. 20) and close side arm 4 
(see Fig. Ill) with a glass stopper. Perform distillation and gather 
the fraction boiling at 34-37 °C. 
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BORON 

Indicate the position of boron in Mendeleev’s periodic table of the 
elements, the electron configuration and size of its atom, and its 
oxidation states. 



18.1 PREPARATION AND PROPERTIES 

(Prepare boron in a fume cupboard, wear eye protection or a protec¬ 
tive mask!) 

Preparation of Amorphous Boron from Boric Acid Anhydride. 
(Each student performs only one of the experiments for preparing 
amorphous boron.) Put 2 g of boric acid anhydride into an iron cruci¬ 
ble or onto an iron plate and roast it (if the boric acid anhydride con¬ 
tains moisture, then when it is heated with magnesium an explosion 
may occur!). Triturate the boric acid anhydride as rapidly as pos¬ 
sible (why?) in q mortar, weigh 1 g and mix it with 2 g of a magne¬ 
sium powder. Place the mixture into a refractory test tube and fasten 
it in an inclined position in a clamp of a stand (in a fume cupboard!). 
First carefully heat the test tube with the mixture with the flame 
of a burner, and then strongly heat the bottom part of the tube. 
What do you observe? 

When the reaction terminates, break the test tube cooled to room 
temperature in a mortar. Separate the substance from the glass and 
spill it in small portions into a beaker with 50 ml of a 10% hydro¬ 
chloric acid solution (in a fume cupboard!). Which gaseous products 
form? Wash the hydrochloric acid off the boron with water and dry 
the boron in a drying cabinet. Write the equations of the reactions. 

Preparation of Amorphous Boron from Borax. Weigh 15 g of borax. 
Transfer one-third of it into an iron crucible and heat it until all 
the moisture is removed. After the substance stops swelling, spill 
the remaining borax in small portions into the same crucible and 
again roast it. Cool the red-hot crucible in cold water, extract the 
glassy substance, and rapidly grind it into a powder. Prepare 8 g of 
a mixture of dehydrated borax and magnesium powder in a weight 
ratio of 2 : 1. After thorough stirring, put the mixture into a crucible 
and spill the powder of the fused borax on top of it. Close the cru¬ 
cible with its lid and roast it strongly on a gas burner. Write the equa¬ 
tions of the reactions. Separate the boron in the same way as described 
in the preceding experiment. 

Properties. Put a small amount of boron into a crucible. Put 
the latter into a hot crucible furnace. What happens? Write the 
equation of the reaction. How does boron react with acids and alka¬ 
lies? 
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18.2 COMPOUNDS 

BORIC ACID 

Preparation from Borax. Dissolve 12 g of borax in 25 ml of water 
in a beaker with heating. What is the reaction of the solution to 
litmus and what is it due to? Write the molecular and net-ionic equa¬ 
tions of the borax hydrolysis reaction. How can the hydrolysis of 
borax be facilitated? Calculate what amount of a 25% hydrochloric 
acid solution is needed to prepare boric acid from 12 g of borax. Mea¬ 
sure off the calculated amount of acid, and taking a small excess 
amount, pour the acid into the hot borax solution. Let the solution 
cool slowly. What substance crystallizes? Filter off the crystals on 
a Buchner funnel, dry them between filter paper sheets, and recrystal¬ 
lize them from hot water, guiding yourself by the table of solubili¬ 
ties. Determine the product yield (in per cent). Keep the prepared 
boric acid for the following experiments. 

Properties. 1. Prepare 2-3 ml of a saturated boric acid solution 
and test it with litmus and curcuma paper. 

2. Evaporate the boric acid solution in a porcelain bowl until 
almost dry, add a little methanol, and light the evolving vapour. 
What is the flame colour due to? 

3. Pour a drop of concentrated sulphuric acid and a drop of glyc¬ 
erin onto a watch glass and add a small amount of borax. Carefully 
stir the mixture with the eye of a platinum wire and introduce it 
into the flame of a burner. How is the flame coloured? Write the 
equation of the reaction. 


BORIC ACID ANHYDRIDE 


Preparation and Properties. Spill 5 g of pure boric acid into an 
iron crucible (better use a platinum crucible; why?). Cover the cruci¬ 
ble with its lid and roast it in a muffle furnace at 800 °C up to complete 
removal of the water. What reactions occur? To extract the boric 
acid anhydride, immerse the bottom part of the red-hot crucible 
into cold water. Transfer the extracted substance into a bottle with 
a good stopper. 

To test the viscosity of the boric acid anhydride, put a small 
amount of boric acid onto an iron plate, heat the latter, and when 
the substance begins to swell, pick up part of it with a glass rod and 
pull it. What is observed? 

Treat a part of the boric acid anhydride in a test tube with water 
and determine the pH of the solution. Write the equations of the 
reactions. 
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COLOURED BORAX BEADS 

Heat a small amount of borax in the eye of a platinum wire in the 
flame of a burner. After water stops evolving (how can this be estab¬ 
lished?), slightly cool the melt and wet it with a chromium(III) 
or cobalt(II) nitrate solution. Again heat the substance up to melt¬ 
ing (in the flame of a burner). What colour does the substance acquire 
after cooling? Write the equation of the reaction. What does the 
colour of borax beads depend on? 


SUPPLEMENTARY EXPERIMENTS 
AND SYNTHESES 

1. Preparation of Boron Trichloride by Reacting Aluminium 
Trichloride with Boron Trifluoride. (Perform the experiment in 
a fume cupboard!) Assemble an apparatus as shown in Fig. 112. 



Fig. 112. Apparatus for preparing boron trichloride 


Thoroughly dry all the parts of the apparatus. Put 80 g of sodium 
tetrafluoborate and 14 g of boric acid anhydride into 250-ml round- 
bottomed flask i; pour in a mixture of 60 ml of concentrated sulphur¬ 
ic acid and 20 ml of 20% oleum (d 20 = 1.90). Pour concentrated 
sulphuric acid saturated with boric acid anhydride into wash bottle 
2, fill tube 6 with phosphoric anhydride applied onto glass wool, and 
pour glycerin into vessel 5 for functioning as a seal if the pressure in 
the apparatus rises. Spill 40 g of anhydrous aluminium trichloride 
into reaction vessel 3 through a funnel reaching the middle of the 
lower flask. Cool receiver 7 with a mixture of dry ice and ethanol 
and make sure that the receiver is completely submerged in the cool¬ 
ing mixture (see Fig. 112). 
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Heat flask 1 with the flame of a gas burner through an asbestos 
gauze and estimate the rate of gas evolution according to the number 
of bubbles in wash bottle 2. When a uniform stream of gas is estab¬ 
lished, carefully (wear eye protect ion!) heat the bottom part of vessel 3 
with the open flame of a burner. Do not let the products clog the 
gas-discharge tube. The amount of the aluminium chloride condens¬ 
ing in the upper part of the apparatus should be insignificant. 

When 10-15 ml of boron trichloride gather in receiver 7 (in about 
one hour), disconnect vessel 3 and rapidly close the receiver with a 
stopper. Stop cooling the receiver and distil the boron trichloride 



into ampoule 8 cooled with a mixture of dry ice and acetone by heat¬ 
ing flask 7 with your hand. When the ampoule is half filled, discon¬ 
nect it and replace it with a new one. Close the half-filled ampoule 
with a stopper and immerse it into liquid nitrogen, and after some 
time rapidly seal it on a brazing burner (wear eye protection!). 

2. Preparation of Boron Tribromide. (Perform the experiment in 
a fume cupboard!) Assemble a part of the apparatus shown in Fig. 112 
beginning from vessel 3 without a gas-discharge tube. Put 54 g of 
aluminium tribromide and 13 g of potassium tetrafluoborate into 
reaction vessel 3 and close it. Carefully heat the vessel with the flame 
of a burner. Prepare and purify the boron tribromide in the same 
way as boron trichloride. 

3. Preparation of Boron Trifluoride Ammine. Assemble an appa¬ 
ratus as shown in Fig. 113. Place flask 1 into a bath with ice. To 
produce ammonia, spill solid granulated sodium or potassium hydrox¬ 
ide into bottle 2. Pour a concentrated ammonia solution into the 
dropping funnel. 
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To prepare boron trifluoride, mix 50 g of potassium fluoborate and 
9 g of boric acid anhydride in flask 3, and pour 25 ml of anhydrous 
sulphuric acid into the mixture. Prepare the anhydrous sulphuric 
acid by adding the relevant amount of 65 % oleum to a 96 % sulphuric 
acid solution ( carefully, wear eye protection!). 

Before the synthesis, displace air from the apparatus with a strong 
stream of ammonia. Next pass the ammonia and boron trifluoride 
through the apparatus at the same rate. (If excess boron trifluoride 
is introduced, it evolves in the form of white smoke from discharge 
opening 5.) 

Boron trifluoride ammine deposits on the walls of flask 1 in the 
form of a bulky, loose powder. To prevent clogging of the tubes feed¬ 
ing in the gases, they must be at least 7-8 mm in diameter. Gather 
half of the prepared substance in a drawn out test tube and seal it. 

Test the reaction of boron trifluoride ammine with water. Dis¬ 
solve boron trifluoride ammine in a minimum amount of water and 
evaporate it in a water bath until almost dry. Cool the solution. 
Examine the separated crystals under a microscope. 


ALKALI METALS 

Indicate the position of the alkali metals in Mendeleev’s periodic 
table of the elements, the electron configurations and sizes of their 
atoms, and their oxidation states. Which of the alkali metals forms 
more stable diatomic molecules in their vapours? Which compounds 
of the alkali metals are encountered in nature? How are these metals 
prepared in a free state? 

19.1 PROPERTIES 

When working with metallic sodium and also with other alkali metals, 
beware of water! Extract these metals from kerosene only with pincers, 
never with your hands! Hand in trimmings of alkali metals and also 
unused metal to the laboratory assistant. Never throw trimmings of 
these metals into waste jars and, sinks! 

Reaction of Alkali Metals with Water. (Work in a fume cupboard, 
wear eye protection or a protective mask!) Fill a crystallizer with water 
and put it into a fume cupboard. Make a small box (2x2 cm) 
from filter paper and put a small piece of purified lithium the size 
of a pea into it. With the window of the fume cupboard half lowered, 
carefully place the box with the lithium into the crystallizer with 
"water. Observe what occurs. Test the action of the formed solution 
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on phenolphthalein. Perform similar experiments with sodium and 
potassium. Write the equations of the reactions. 

Compare the chemical activity of the studied alkali metals. What 
does it depend on? Why does lithium head the electrochemical series 
of the metals? Find the values of the standard electrode potentials 
of the alkali metals (see Appendix 1, Table 21). 

Preparation of Sodium Amalgam. (One student prepares this 
experiment and demonstrates it to the class.) ( Perform the experi¬ 
ments in a fume cupboard with the window half lowered ; carry out all 
experiments with mercury in trays with high walls!) 

a. Put a small amount of mercury into a dry porcelain mortar. 
Extract a small piece of metallic sodium from kerosene with pincers 
(in the presence of your instructor!), put it onto filter paper on dry 
glass in a fume cupboard, and dry it from the kerosene. Remove the 
oxide film from the sodium surface with the tip of a lance or pen¬ 
knife and cut off several small pieces. Put one of the sodium pieces 
into a mortar with dry mercury and carefully grind it with a pestle. 
What do you observe? Grind some more pieces of sodium in the same 
way until the amalgam thickens. Drop a small amount of the amal¬ 
gam into a beaker with water. What happens? Write the equations 
of the reactions. 

b. Transfer a part of the amalgam into a wide test tube or beaker 
and pour 3-5 ml of a saturated ammonium chloride solution onto 
it. Comment on your observations. What happens to the contents of 
the test tube after some time? Write the equations of the reactions. 


19.2 COMPOUNDS 

OXIDES 

Preparation of Lithium, Sodium, and Potassium Oxides. ( Per¬ 
form the experiment in a fume cupboard!) Put a small piece of metal¬ 
lic sodium or potassium onto the lid of a crucible, heat the lid from 
below, and when the metal melts, ignite it from above with the 
flame of a burner (lower the fume cupboard window!). When all the 
metal has burned, cool the product and dissolve it in 2-3 ml of dis¬ 
tilled water (carefully, unburned alkali metal may remain!). Add a 
potassium iodide solution acidified with a dilute sulphuric acid 
solution and two or three drops of a starch size to the prepared solu¬ 
tion. What is observed? What substances form when sodium and 
potassium burn in the air? How can the oxides of these elements be 
prepared? 

Run a similar experiment with metallic lithium. What forms in 
this case? How can lithium peroxide be prepared? What products 
form when rubidium and cesium react with the oxygen of the air? 
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Why do some of the alkali metals form oxides, while others form 
peroxides when they burn in the air? How does the stability of the 
alkali metal oxides and peroxides change (from lithium to cesium) 
when heated? Why is the formation of peroxides and also of ozonides 
the most characteristic of the alkali metals? 

HYDROXIDES 

How does the solubility of the alkali metal hydroxides change in 
the series from lithium to cesium? How are the alkali metal hydrox¬ 
ides produced in the industry? 

Preparation of Sodium Hydroxide from Sodium Carbonate. Dis¬ 
solve 14 g of anhydrous sodium carbonate in 100 ml of water. Pour 
the solution into a 250-300-ml round-bottomed flask. Put pieces of 
broken chamotte crucible on the bottom of the flask (for what pur¬ 
pose?). Fasten the flask in a stand so that a small space remains be¬ 
tween the gauze and the bottom of the flask. Heat the solution in 
the flask up to boiling and add 8-10 g of triturated calcium hydroxide 
(in small portions). Insert a funnel into the neck of the flask (for 
what purpose?) and boil the solution during one hour, adding water 
from time to time to keep the volume constant. After cooling, filter 
the solution and measure its volume and density. Use the density 
value to determine the percentage of sodium hydroxide in the solu¬ 
tion. Hand in the alkali solution to the laboratory assistant. 

, Find the solubilities of calcium carbonate and hydroxide from 
the relevant tables. Write the equations of the reactions. Explain 
the course of this process. Can this method be used to prepare a sodi¬ 
um hydroxide solution with a high concentration? Can a similar 
method be used to prepare potassium hydroxide? 

SALTS 

Preparation of Sodium Bicarbonate. Saturate 50 ml of a 10% 
ammonia solution with sodium chloride in the cold. Filter the solu¬ 
tion, pour it into a flask, and close it partly with a cork stopper ac¬ 
commodating a gas-discharge tube almost reaching the bottom of the 
flask. Pass carbon dioxide (from a cylinder or a Kipp gas generator) 
into the solution until a precipitate stops separating (during 
1-1.5 hours). Separate the crystals on a Buchner funnel, wash them 
with ethanol, and dry them at room temperature in the air. Write 
the equations of the reactions. What impurities does the product 
contain? 

Using the relevant tables, find the solubilities of the salts that can 
form in an ammonia solution of sodium chloride saturated with 
carbon dioxide. Explain the sequence of the processes occurring in 
this reaction mixture. Recrystallize the product from warm water 
(about 50 °G). 
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Dissolve a small amount of the salt in distilled water and test the 
action of the solution on litmus, phenolphthalein, and a universal 
indicator. Explain what you observe. 

Preparation of Sodium Carbonate. Put about 0.5 g of sodium 
bicarbonate onto the bottom of a porcelain crucible and roast it on 
a gas burner during 20-30 min. 

Dissolve the roasted substance (what is its composition?) in water 
and test the reaction of the solution with phenolphthalein, methyl 
red, and a universal indicator. Comment on your observations. 

What salt is hydrolyzed more: sodium carbonate or bicarbonate? 
Why? 

Write the formulas of the substances called soda crystals (washing 
soda), calcined soda, baking soda, and caustic soda. 

Lithium Carbonate. Add a saturated sodium carbonate solution 
to 2-3 ml of a saturated lithium sulphate or chloride solution. What 
do you observe? Write the equation of the reaction. Acquaint your¬ 
self with the solubility of the alkali metal carbonates in water. 

Sparingly Soluble Sodium and Potassium Salts. 1. Add several 
drops of a zinc uranyl acetate solution to 0.5 ml of a neutral solu¬ 
tion of a sodium salt. Note the colour of the precipitate. Write the 
equation of the reaction. 

2. Pour a solution of sodium hydrotartrate or sodium perchlorate 
into 1 ml of a saturated neutral solution of a potassium salt. If a 
precipitate does not form immediately, accelerate its appearance by 
rubbing a glass rod against the internal walls of the test tube. Write 
the equation of the reaction. 

What other sparingly soluble salts of sodium, potassium, and 
lithium do you know? What reactions are used in the industry to 
separate the alkali metals? 

Colouring of a Flame by Lithium, Sodium, and Potassium Salts. 
Introduce a platinum or nichrome wire into the colourless flame 
of a burner. If the flame becomes coloured, wash the wire with pure 
hydrochloric acid and roast it in the burner flame until the latter 
becomes colourless. Wet a platinum wire in a potassium chloride 
solution and introduce it into the colourless flame of the burner. 
What do you observe? Perform similar experiments with solutions 
of sodium and lithium chlorides. Observe the colouring of the flame 
by the potassium salts through an indigo prism. 


SUPPLEMENTARY EXPERIMENTS 
AND SYNTHESES 

(Hand in all the obtained preparations to your instructor.) 

1. Preparation of Metallic Cesium (Rubidium). Place quartz 
vessel 2 (Fig. 114) into an inclined furnace. Calculate the amount of 
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cesium (rubidium) carbonate that is needed to prepare 5 g of the 
alkali metal. Prepare a thoroughly triturated mixture of the cal¬ 
culated amount of the carbonate and a four-fold excess of powdered 
metallic zirconium. Put the reaction mixture into steel test tube 1 
(what is a steel test tube needed for?) and place the latter into quartz 
vessels 2 (in the presence of your instructor , wear eye protection!). 


Vacuum 



Connect vessel 2 through a ground-glass joint to a vacuum system. 
When a vacuum of the order of 10~ 3 mmHg is reached in the system, 
switch on furnace 3. Gradually raise the temperature in the furnace 
to 500 °C and keep the apparatus under these conditions until a 
constant vacuum sets in with a value of 10~ 3 mmHg. This indicates 
that the water vapour and gases have been removed from the system. 
Carefully, to prevent ejection of the reaction mixture, raise the 
temperature in the furnace to 650-700 °C. Continue the heating until 
condensation of the metal vapour in ampoule 4 stops. 

To purify the cesium (rubidium) from the admixture of the zir¬ 
conium used for reduction, repeat the distillation from one ampoule 
into another one. For this purpose, carefully heat the alkali metal 
in the ampoule with a gas burner until boiling begins and perform 
distillation slowly (during 0.5 hour). After this, seal the ampoule 
with the metal. Write the equation of the reaction. 

2. Preparation of Lithium Hydride. (Perform, the experiment in 
the presence of your instructor!) Assemble an apparatus as shown in 
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Fig. 115. To prepare hydrogen, use a large freshly charged Kipp gas 
generator with a sufficient amount of acid. The latter must remain 
in the upper sphere even when it rises in the middle one above the 
zinc charge. Check the intensity of hydrogen evolution. Pour an 
acidified potassium permanganate solution into wash bottle 1 and 
a 96% sulphuric acid solution into bottle 2. Fill U-tube 3 with glass 
wool mixed with phosphoric anhydride, and insert an iron tube into 
porcelain tube 5. Pour water into the crystallizer. Check the tight¬ 
ness of the entire apparatus. 



Fig. 115. Apparatus for preparing lithium hydride 

Put 1 g of freshly cut metallic lithium cleaned of kerosene into 
iron boat 4 and place the latter into the middle part of the iron reac¬ 
tion tube. Again check the tightness of the apparatus and fill it with 
hydrogen. To do this, open clamp 6 and displace the air from the 
entire apparatus with a stream of hydrogen. Check the purity of 
the hydrogen evolving from the apparatus. Close the clamp and open 
the stopcock of the Kipp gas generator as far as it goes (not a single 
gas bubble should break through the washing liquids!). Put an as¬ 
bestos sleeve onto tube 5 and begin to heat the tube where the boat 
with the metallic lithium is. Hold gas burner 7 with a flat “dovetail” 
nozzle in your hand while heating. At a temperature close to 500 °C, 
the lithium reacts with the hydrogen. Hydrogen bubbles begin to 
pass through wash bottles 1 and 2. If the reaction proceeds violently, 
stop heating the reactor, and leave the apparatus under the pressure 
of the hydrogen. 

When the absorption of the hydrogen stops (how can this be de¬ 
termined?), cool the apparatus to room temperature in a hydrogen 
atmosphere. Write the equation of the reaction. Extract the boat 
from the tube. What is the colour of the product? See how lithium 
hydride reacts with water. What is the nature of the bond in a lith¬ 
ium hydride molecule? 

3. Preparation of Lithium Peroxide, a. Preparation of Lithium 
Hydroxide Monohydrate. Put 5 g of lithium sulphate into a 400-ml 
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beaker and add 20 ml of water to the salt. Thoroughly mix the com¬ 
ponents. Place the beaker with the solution in a water bath. After 
the solution becomes hot, gradually add (without stopping the heat¬ 
ing) a barium hydroxide solution saturated at room temperature 
(baryta water) up to complete precipitation. 

Separate the precipitate from the solution by filtration through 
a smooth filter (fine-texture filter paper—Whatman No. 2 or Schleich¬ 
er and Schnell No. 489 Blue Ribbon). Transfer the filtrate into a 

Wurtz flask connected to a water- 
jet pump. Place the flask in a water 
bath and evaporate the solution 
in the vacuum produced by the 
pump up to a volume of about 
20 ml. 

Rapidly transfer the solution into 
a bowl and cool it to room tem¬ 
perature. Filter off the precipitated 
crystals using a glass filter No. 3 
(about 400 mesh). 

b. Preparation of Lithium. Perox¬ 
ide Monohydrate. Assemble an 
apparatus as shown in Fig. 116. 
Transfer the prepared 1 ithium hydro¬ 
xide into flask 1 and pour 50 ml 
of ethanol into it. Switch on the 
mechanical mixer, and heat the 
flask in a water bath (use an electric 
stove with an enclosed coil!) until the reaction mixture boils. Without 
switching off the mixer, add 20 ml of a 30% hydrogen peroxide solu¬ 
tion dropwise from funnel 2 and keep the flask in the water bath for 
another 1-1.5 hours. 

Separate the formed precipitate of lithium peroxide monohydrate 
from the mother liquor by filtration and wash it twice on the filter 
with 5-ml portions of absolute ethanol. Dry the substance in the air. 

c. Preparation of Anhydrous Lithium Peroxide. Place the prepared 
lithium peroxide into a test tube and connect it to a vacuum system 
via a ground-glass joint. After the vacuum reaches 10 -1 -10- 2 mmHg, 
carefully heat the tube to 80-120 °G. Keep the substance in the vac¬ 
uum with heating during 30-40 minutes. Transfer the lithium perox¬ 
ide into a previously weighed weighing bottle, weigh the substance, 
and calculate the yield in per cent. 

Add distilled water to a small amount of the lithium peroxide. 
See how the mixture reacts with solutions of potassium permanga¬ 
nate and potassium iodide acidified with sulphuric acid (add two 
nr three drops of a starch size to,the potassium iodide solution). 
What do you observe? Write the equations of the reactions. 



Fig. 116. Apparatus for prepar¬ 
ing lithium peroxide 
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4. Preparation of Sodium Peroxide. Assemble the arrangement 
shown in Fig. 117. Pour a little vaseline oil into wash bottle 1 and 
leave bottle 2 empty. Put 2-3 g of cleaned metallic sodium into 
porcelain boat 3 and place it into quartz or refractory glass tube 4. 
Cover the tube with asbestos and switch on the water-jet pump con¬ 
nected to the arrangement (install protective bottles ahead of the pump!). 
Heat the part of the tube where the boat with the sodium is with a 
gas burner flame. When the sodium ignites, reduce the heating. Suck 



Fig. 117. Arrangement for preparing sodium peroxide 


a strong stream of air through the arrangement until all the sodium 
reacts. When the reaction terminates, cool the arrangement in a 
stream of air. Extract the boat and spill the sodium peroxide into 
a weighing bottle. 

Dissolve a small amount of the sodium peroxide in distilled water. 
See how this solution reacts with solutions of potassium perman¬ 
ganate and potassium iodide acidified with sulphuric acid (add two 
or three drops of a starch size to the potassium iodide solution). 
What is observed? Write the equations of the reactions. 

5. Preparation of Lithium Iodide. Assemble an apparatus (see 
Fig. 116). Put 2 g of freshly sublimed dry iodine into three-neck 
flask 1. Fill the cooler with cold water. Add 75 ml of absolute ether 
from the dropping funnel to the flask. Cool the latter in a bath with 
cold water. Extract the dropping funnel and carefully introduce lith¬ 
ium hydride through the side neck with stirring until the iodine col¬ 
our vanishes (one or two hours). Replace the dropping funnel in 
the flask and continue to stir the reaction mixture until the evolu¬ 
tion of hydrogen and the boiling of the ether stop. After this, add 
50 ml more of the ether and boil the mixture for an hour in a water 
bath (use an electric stove with an enclosed coil!). 

Rapidly pour over the solution into a round-bottomed flask and 
close it with dark paper (the solution turns yellow in the light). 
Connect the flask to a water-jet pump via an empty trap and drying 
columns with a granulated alkali (see Fig. 1196, p. 196). 

Distil off the major part of the ether in the vacuum produced by 
the pump at room temperature, and then at 40 °C (in a water bath). 
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Transfer the white or slightly yellow salt into a weighed weighing 
bottle and weigh the product. Calculate the yield in per cent. 

What will happen if the ether solution is cooled to —20 °C without 
evaporation in a vacuum? 

6. Preparation of Potassium Hydroxide by the Electrolysis of a Po¬ 
tassium Chloride Solution. Assemble an electrolyzer (see Fig. 130, 
p. 231). Place small cylinder 2 (8 cm in height and 4 cm in diameter) 
made from uncalcined clay into 0.5-litre thick-walled beaker 1. 
Pour a saturated potassium chloride solution into both vessels so 
that the level of the liquid in them will be the same. Add a few 
drops of phenolphthalein to the electrolyte. Use carbon rod 4 as the 
anode and thick iron wire 3 as the cathode. Secure both electrodes 
with corks in the electrolyzer lid. A d-c source at 10 V is needed for 
the experiment. After assembling the electrolyzer, switch on the 
current. What happens in the anode and cathode compartments? 
Write the equations of the reactions. What substances can form in 
the absence of a diaphragm? 

After 40 or 50 minutes of electrolysis, switch off the current and 
determine the concentration of the obtained potassium hydroxide 
solution by titration. 

7. Preparation of Sodium Sulphate and Its Hydrates. Calculate 
the amount of Glauber salt needed to saturate 20 ml of water at 32 °C. 
Prepare at this temperature a saturated sodium sulphate solution, 
filter it into two small flasks and into a dry test tube. 

Anhydrous Sodium Sulphate. Heat the solution in the test tube 
until it boils. What do you observe? Separate the crystals from the 
mother liquor and examine their shape under a microscope. 

Sodium Sulphate Decahydrate. Drop a crystal of Glauber salt into 
the sodium sulphate solution in one of the flasks. Examine the shape 
of the crystals precipitating from the solution at room temperature 
(below 25 °C) under a microscope. 

Sodium Sulphate Heptahydrate. Heat the sodium sulphate solu¬ 
tion in the second flask to 32 °C in a water bath. When the liquid be¬ 
comes transparent and contains no crystals, close the mouth of the 
flask with cotton wool and carefully, without shaking the contents, 
put it into a cooling mixture (ice with a small amount of sodium chlo¬ 
ride). In 10 or 15 minutes, carefully extract the flask with the sodium 
sulphate solution. Note the shape of the crystals separated in the 
given case. 

Lower a small crystal of Glauber salt into the solution. Explain 
what happens. Draw curves of the solubility of anhydrous sodium 
sulphate and its crystallohydrates. Acquaint yourself with the phase 
diagram of the sodium sulphate-water system. In what parts of the 
diagram is the system invariant, monovariant, or divariant? 

8. Determining the Transition Temperature of Sodium Sulphate 
Decahydrate to the Anhydrous Salt. Assemble an arrangement (see 
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Fig. 49). Fill inner test tube 1 containing a thermometer having 0.1 K 
graduations with a mixture prepared from crystalline sodium sul¬ 
phate decahydrate and its solution saturated at room temperature. 
Outer test tube 6 plays the role of an air bath. Pour an amount of 
water into beaker 4 such that test tube 6 is immersed into it as deep 
as possible. Maintain the temperature of the water in the beaker at 
about 38-40 °C. 

Extract inner test tube 1 with the crystals from outer tube 6 and 
immerse it directly into the water in the beaker. When part of the 
crystals melt and the reaction substance is a liquid, wipe tube 1 
outside and return it into tube 6 immersed into the beaker with 
water. Begin to record the readings of the thermometer in test tube 
1 every 30 seconds with constant stirring of the tube contents. Why 
does the temperature stop rising? Terminate this part of the experi¬ 
ment when the temperature of the reaction mixture rises to 34-35 °C. 
Draw a heating curve of the temperature against the time. 

Heat test tube 1 with the reaction mixture to 35-40 °C, place it to¬ 
gether with outer test tube 6 into a beaker with water whose tempe¬ 
rature is 25-28 °C, and record the temperature every 30 s. If the 
temperature of the reaction mixture dropped continuously to below 
30 °C, add a crystal of Glauber salt to the contents of the test tube 
and repeat the heating-cooling cycle until a temperature plateau is 
obtained. Plot the temperature against the time. What is the tem¬ 
perature plateau in cooling due to? 

Using published data, draw a phase diagram of the sodium sul¬ 
phate-water system. Proceeding from the phase rule, determine 
which parts of the diagram will characterize invariant, monovariant, 
and divariant systems. What is meant by the transition point? 

9. Preparation of Potassium Nitrate. Pour 25 ml of water into 
a beaker and dissolve 12 g of sodium nitrate in it upon heating. Add 
an equivalent amount of potassium chloride to the solution. Cover 
the beaker with a watch glass and heat it on a gauze with a small 
burner flame until crystals precipitate. Can crystals form without 
evaporation of the solution? Rapidly pour the hot liquid into a por¬ 
celain bowl and let it stand until crystals form. 


Table 4. SOLUBILITY OF SUBSTANCES IN GRAMMES PER 100 g OF WATER 


Substance 

Solubility at 
temperature 

Substance 

Solubility at 
temperature 

10 °c 

| 100 °c | 

10 °c 

| 100 °c 

Potassium nitrate 

21 

246 

Potassium chlo- 

m 

m 

Sodium chloride 

36 

40 

ride 






Sodium nitrate 

n 

■ 
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Examine under a microscope the shape of the crystals remaining 
in the beaker and in the bowl. Filter off the crystals formed in the 
porcelain bowl, dry them in the air, and determine the yield in per 
cent. Using Table 4 containing the solubilities of the salts that can 
form in the solution, explain the conditions of precipitation of the 
salts formed from the solution. 


Oft BERYLLIUM, MAGNESIUM, CALCIUM, 
m* W STRONTIUM, BARIUM 

Indicate the position of beryllium, magnesium, calcium, strontium, 
and barium in Mendeleev’s periodic table of the elements, the elec¬ 
tron configurations and size of their atoms, and their oxidation states. 

20.1 BERYLLIUM, MAGNESIUM, 

AND THEIR COMPOUNDS 

(Beryllium compounds are poisonous. Wash your hands after work¬ 
ing with them. Hand in all residues of beryllium compounds to the 
laboratory assistant!) 

What position do beryllium and magnesium occupy in the elec¬ 
trochemical series of the metals? 

Properties of Magnesium. 1. How does magnesium react with 
dilute and concentrated acids? Write the equations of the reactions 
of magnesium with nitric, sulphuric, and acetic acids. 

2. Grip a small magnesium ribbon (1-2 cm long) with crucible 
tongs and burn it in the air over a porcelain bowl. Add a few drops 
of a concentrated alkali solution to the substance obtained and smell 
the evolving gas. With what components of the air does magnesium 
react? 

3. Pour 2-3 ml of water and put a small piece of magnesium into 
each of two test tubes. Add a small amount (0.5-1 g) of ammonium 
chloride to one of the tubes. What occurs? Heat the solution up to 
boiling. Explain the processes that take place. Write the equations 
of the reactions. Why does magnesium react more actively with 
water in the presence of ammonium ions? 

HYDROXIDES 

Preparation and Properties of Beryllium Hydroxide. Add a 10% 
ammonia solution dropwise to 4-5 ml of a 3% beryllium sulphate 
solution up to the complete formation of a precipitate. See how be¬ 
ryllium hydroxide reacts with 10% solutions of sodium hydroxide 
(use a minimum amount of the alkali) and acids. Boil the alkaline 
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solution of beryllium hydroxide. What precipitates? Why does the 
precipitate fail to disappear when cooled? 

How can you explain the fact that when an aqueous solution of 
an alkali metal beryllate is heated beryllium hydroxide precipitates, 
while when an aqueous solution of beryllium chloride or sulphate 
is heated no beryllium hydroxide precipitate forms? 

Write the equations of the reactions and explain the occurring 
processes. What is the coordination number of beryllium in sodium 
beryllate? What type of orbital hybridization occurs when the be¬ 
ryllate ion forms and what spatial configuration does this correspond 
to? 

Preparation and Properties of Magnesium Hydroxide. Prepare 
magnesium hydroxide in a test tube by reacting an alkali solution 
with a solution of a magnesium salt. Pour the contents of the test 
tube into three tubes and see how magnesium hydroxide reacts with 
10% solutions of an acid, alkali, and ammonium chloride. Write 
the equations of the reactions. Can magnesium hydroxide be precip¬ 
itated completely if an ammonia solution is used instead of sodium 
hydroxide? What type of hydroxides do beryllium and magnesium 
hydroxides belong to? Write the equations of the beryllium and 
magnesium hydroxide dissociation reactions. 

CARBONATES 

Beryllium Basic Carbonate. Add a saturated ammonium carbon¬ 
ate solution dropwise to 4-5 ml of beryllium sulphate. Explain the 
precipitation of a substance and its dissolution in an excess amount 
of the reactant. Write the equations of the reactions. Boil the solu¬ 
tion. Explain the appearance of a precipitate when the solution is 
boiled. What is its composition? 

Magnesium Basic Carbonate (Magnesia Alba). Add a sodium 
carbonate solution to a magnesium sulphate or chloride solution 
heated to 50 °C up to complete precipitation. What is the composi¬ 
tion of the precipitate? Filter off the latter, wash it with water, and 
dry it in a drying cabinet at 100-150 °C. Heat the filtrate up to- 
boiling. What do you observe? Write the equations of the reactions. 

What reactions occur consecutively iii solutions of beryllium 
and magnesium salts when carbonate ions are introduced into them? 
In what processes are beryllium and magnesium hydroxo-ions 
formed? How can normal magesium carbonate be prepared? 

BERYLLIUM OXYACETATE 

i. Preparation. (Perform the experiment in a fume cupboard!) 
Transfer a preliminarily weighed precipitate of beryllium basic 
carbonate or hydroxide obtained in one of the preceding experiments 



192 


Beryllium, Magnesium, Calcium, Strontium, Barium 


(take it from the laboratory assistant) into a porcelain bowl. Put the 
latter in a boiling water bath. When the carbonate is hot, add to it 
preliminarily frozen out glacial acetic acid dropwise until the evo¬ 
lution of carbon dioxide stops (take 2 ml of acetic acid per gramme 
-of the carbonate). Evaporate the solution until dry and repeat the 
treatment of the residue with acetic acid. Cool the bowl with the 
substance in a bath with ice. Recrystallize the preparation from 
chloroform. Filter off the substance that has not dissolved in the 
chloroform through a dry filter (why?). Pour the filtrate into a por¬ 
celain bowl. After evaporation of the chloroform, examine the shape 
of the crystals obtained under a microscope. What is the composition 
and structure of beryllium oxyacetate? Write the equation of the 
reaction. 

2. Sublimation. (Perform the experiment in a fume cupboard!) 
Put the beryllium oxyacetate crystals into a test tube. Slightly 
tilt the tube with its mouth downward and carefully heat it in the 
flame of a burner. What happens? What is the composition of the 
substance deposited on the tube walls? Examine the crystals of the 
precipitated and sublimed beryllium oxyacetate under a microscope. 
What can this compound be used for in the technology of beryllium? 

MAGNESIUM AMMONIUM PHOSPHATE 

Pour 3-4 ml of a magnesium chloride solution into a test tube and 
add an ammonia solution. What happens? Add a saturated ammoni¬ 
um chloride solution dropwise until the precipitate dissolves. How 
can the dissolution of the precipitate be explained? Introduce into 
the test tube 1 ml of a sodium phosphate solution. What do you 
observe? Examine the shape of the crystals under a microscope. 
What is the composition of the crystals? Explain the processes that 
occur. Write the equations of the reactions. Pour hydrochloric acid 
into the test tube with the crystals. Explain the dissolving of the 
precipitate. 


20.2 CALCIUM, STRONTIUM, BARIUM 

How can the oxides, peroxides, and hydroxides of the alkaline- 
earth metals be prepared? What are the commercial names of cal¬ 
cium and barium hydroxide solutions? How do the solubility, basic 
properties, and thermal stability of the hydroxides change in the 
series calcium-strontium-barium? 

Indicate the salts of calcium, strontium, and barium that are 
poorly soluble. How can you prove experimentally which of the 
calcium salts is the least soluble? How does calcium oxalate react 
with acetic and hydrochloric acids? How and why does the thermal 
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stability of carbonates, sulphates, and nitrates of the alkaline-earth 
metals change in the series calcium-strontium-barium? What products 
are obtained if calcium sulphate crystallohydrate is gradually 
heated? 


SUPPLEMENTARY EXPERIMENTS 
AND SYNTHESES 

(Hand in all prepared substances to your instructor.) 

1. Preparation of Barium Peroxide. Weigh (with an accuracy up 
to 0.01 g) about 1 g of barium oxide in a porcelain boat. Place the 
latter into a porcelain tube and while passing a stream of dry oxygen 
through the arrangement, roast the barium oxide in a tubular fur¬ 
nace at 600 °G during one hour. Cool the arrangement in the oxygen 
stream. Extract the boat and weigh it. Calculate the barium perox¬ 
ide content in the substance prepared in the boat (in per cent). How 
can you verify that the substance is barium peroxide? Write the 
equations of the reactions. 

2. Preparation of Calcium Hydride. (Perform the experiment in 
the presence of your instructor , wear eye protection or a protective 
maskl) Assemble an apparatus (see Fig. 115). To produce hydrogen, 
charge a large Kipp gas generator, using an adequate amount of 
acid. See that the hydrogen evolves vigorously. Pour an acidified 
potassium permanganate solution into wash bottle 1 and a 96% 
sulphuric acid solution into wash bottle 2. Fill the U-tube with 
a mixture of glass wool and phosphoric anhydride. Fit an asbestos 
sleeve onto quartz tube 5 and a rubber tube with a clamp onto the 
gas-discharge tube at the end of the apparatus. Thoroughly check the 
tightness of the apparatus (in the presence of your instructor!). 

Put not more than 1-2 g of freshly cut metallic calcium shavings 
into iron or porcelain boat 4 , place the latter into the middle of 
reaction tube 5, and again test the tightness of the apparatus (in 
the presence of your instructor!). 

Open clamp 6 and displace the air from the entire apparatus 
with a stream of hydrogen. Collect the hydrogen under water to test 
its purity. Having checked the purity of the hydrogen flowing out of 
the apparatus, close clamp 6 and completely open the stopcock of the 
Kipp gas generator (not a single gas bubble should pass through the 
wash bottles!). First heat the entire reaction tube with a gas burner 
having a flat dovetail nozzle, and then begin heating the tube through 
the asbestos sleeve at the place where the boat with the metallic 
calcium is. It is good to hold the gas burner in your hand. The calci¬ 
um reacts with the hydrogen at a temperature close to 500 °C, and 
a stream of hydrogen starts passing through wash bottles 1 and 2. 
If the reaction proceeds violently, remove the burner and leave the 



194 


Beryllium, Magnesium, Calcium, Strontium, Barium 


apparatus under the pressure of the hydrogen. When the absorption 
of the hydrogen stops (how can this be determined?), cool the appa¬ 
ratus to room temperature in a hydrogen atmosphere. Extract the 
boat from the tube. What is the colour of the obtained substance? 
See how calcium hydride reacts with water. Write the equation of 
the reaction. 

3. Preparation of Magnesium Chloride Hexahydrate. Pour 50 ml 
of a 20% hydrochloric acid solution into a 100-ml beaker and spill 
the calculated amount of magnesium oxide into the solution in 
small portions. If the solution is not transparent, filter it. Evaporate 
the solution to half of its initial volume, place it into a cooling 
mixture (ice with sodium chloride), and pass a stream of dry hydro¬ 
gen chloride through it. Filter off the precipitated crystals, dry them 
on glass at room temperature, and weigh them. Determine the 
yield in per cent. 

Put a small amount of the magnesium chloride hexahydrate into 
a crucible and roast it. What is observed? Decompose the salt com¬ 
pletely. How can you see that this has occurred? Cool the crucible 
and add 1-2 ml of water. What is the composition of the substance 
that has not dissolved in the water? 

4. Preparation of Anhydrous Magnesium Chloride, a. Thoroughly 
stir magnesium chloride hexahydrate with ammonium chloride, 
(take the substances in a proportion of 1 :2 by mass, respectively), 
put the mixture into a crucible, and roast it in the flame of a gas 
burner. Cool the crucible in a desiccator (why?). 

b. Assemble an apparatus for preparing metal chlorides (see 
Fig. 61) and check its tightness. Weigh 1 g of freshly cut magnesium 
shavings in a preliminarily weighed porcelain boat. Put the latter 
into the quartz or refractory glass tube of the apparatus. Dry the sys¬ 
tem during 15-20 minutes in a stream of dry carbon dioxide (from 
a Kipp gas generator), next fill the entire apparatus with chlorine, 
and heat the part of the tube where the boat is with the flame of a gas 
burner. When the reaction begins, remove the burner while passing 
an intensive stream of dry chlorine through the apparatus. If the 
reaction does not proceed to the end, again heat the magnesium 
until it ignites. Cool the apparatus in a chlorine stream and displace 
the chlorine with dry carbon dioxide. Without stopping the carbon 
dioxide stream, transfer the obtained substance into a weighed dry 
weighing bottle. Weigh the latter with the substance and calculate 
the yield in per cent. Pour 3-5 ml of water into a small beaker and 
introduce a small amount of the magnesium chloride obtained. What 
do you observe? Write the equations of the reactions. 

5. Preparation of Anhydrous Magnesium Chloride by Reacting 
Hydrogen Chloride with Magnesium in Absolute Ethanol. Assemble 
an apparatus (see Fig. 116), replacing dropping funnel 2 with a gas- 
discharge tube. Place 2 g of metallic powdered magnesium into the 
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three-neck tube and add 50 ml of absolute ethanol to it. Cool the 
flask in a bath containing a mixture of dry ice and acetone to —70 °C. 
Pass a stream of thoroughly dried hydrogen chloride through the 
gas-discharge tube in the side neck of the flask. Saturate the ethanol 
with the hydrogen chloride while constantly stirring the reaction 
mixture with the mechanical mixer during 50-60 minutes, then 


remove the cooling bath and retain 
a weak hydrogen chloride stream. 
If the reaction slows down (how 
can you establish this?), immerse 
the flask into a water bath at 
50-60 °C. 

After termination of the reac¬ 
tion, separate the solution from 
the unreacted metal by decanta¬ 
tion. Transfer the solution into test 
tube 1 of the arrangement (Fig. 
118). Distil off the major part of 
the ethanol into test tube 2, heating 
tube 1 in a water bath. After the 
substance in tube 1 transforms 



into a solid mass, connect tube 2 to 

a water-jet pump and desolvate the product by carefully heating it 
with the flame of a burner during 40 min. Transfer the substance 
from the test tube into a previously weighed weighing bottle and 
weigh it. Calculate the yield in per cent. 

6. Preparation of Magnesium Iodide. Assemble an apparatus as 
shown in Fig. 119a. Put 2 g of powdered magnesium and 25 ml of 
absolute ether into three-neck flask 1. Prepare a solution of 14 g of 
freshly sublimed iodine and put it into dropping funnel 4. Switch 
on mechanical mixer 3. While vigorously stirring the contents of the 
flask, add the iodine solution to the reaction mixture from the fun¬ 
nel dropwise. Add each following portion only after the colour pro¬ 
duced by the preceding one has disappeared. If the reaction does not 
begin, carefully heat the reaction mixture in a water bath whose 
temperature must not exceed 40 °C. (Use an electric stove with an 
enclosed coil!) If the reaction proceeds violently, cool the flask in 
a bath with ice prepared beforehand. 

In 2-2.5 h after termination of the reaction, decant the solution 
from the unreacted magnesium into a round-bottomed flask (Fig. 1196) 
close it with a stopper provided with a stopcock, and cool it in 
a bath with dry ice. “Quench” the vacuum created in the flask with 
argon (nitrogen), using the stopcock of the gas-discharge tube for 
this purpose. Pour off the mother liquor from the crystals (what is 
their composition?). If the separated crystals are yellow, recrystaP 
lize them from ether. Connect the flask with the crystals to a waters 
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jet pump. Hold the crystals in vacuum during 30 minutes, after 
which carefully heat them in a sand bath at 200-226 °C without switch¬ 
ing off the pump during 20 minutes (use an electric stove with an 
enclosed coil!). It is better to decompose the adduct in a blackened 
flask (why?). 

Transfer the magnesium iodide crystals into a weighed weighing 
bottle and weigh them. Calculate the yield in per cent. 



Pig. 119. Apparatus for reacting metallic magnesium (zinc) with iodine in 
absolute ether (a), and flask for distilling off the solvent ( b ) 

7. Preparation of Calcium Chloride Hydrate. Pour 100-120 ml 
of a 15% hydrochloric acid solution into a 200-ml beaker. Calculate 
the amount of marble or chalk needed to convert this amount of 
acid into calcium chloride. Weigh this amount, crush it, and gradu¬ 
ally add it to the acid. If after dissolving of the taken amount of 
marble the reaction of the solution will be strongly acidic, add more 
marble. Filter the solution. Evaporate it until the boiling point of 
the solution reaches 128-129 °C ( use a thermometer ). Using the data 
of Table 5, calculate the ratio of calcium chloride and water (in 
moles) in a solution boiling at 130 °C. 


Table 5. temperature dependence of the calcium chloride 
CONTENT IN A SOLUTION 


Boiling point of 
calcium chloride 
solution, °C 

Solubility, g per 
100 g of water 

Boiling point of 
calcium chloride 
| solution, °C 

Solubility, g per 
100 g of water 

105 

25.0 

I 120 

■Si- 

110 

41.5 

130 

■M 








Beryllium, Magnesium, Calcium, Strontium, Barium 


197 


Stop the evaporation and let the solution cool. What do you 
observe? What is the composition of the precipitating substance? 
Separate the crystals from the mother liquor on a funnel with a filter¬ 
ing bottom. Examine and draw the shape of the crystals. Determine 
the yield in per cent. 

Weigh about 3-4 g of anhydrous calcium chloride in a weighing 
bottle and let it stand open in the air for two or three days. Again 
weigh the bottle with the substance. How can you explain the in¬ 
crease in mass? What is anhydrous calcium chloride used for in the 
laboratory? 

8. Processing of Barium Sulphate into Barium Chloride, a. Prep¬ 
aration of Barium Sulphide. Mix 4 g of barium sulphate and 2 g of 
powdered charcoal, place the mixture into a chamotte or porcelain 
crucible, and cover the mixture with powdered charcoal. Close the 
crucible with its lid and roast it strongly (600-700 °C) for an hour 
in a muffle furnace. Write the equation of the reaction. 

After the sintered substance has cooled, extract it from the cruci¬ 
ble and triturate it in a porcelain mortar. Treat a small part of the 
triturated substance with water, filter the solution, and test its 
reaction with litmus. Pass a stream of carbon dioxide through the 
solution. Note the odour that appears. Explain what happens. Write 
the equations of the reactions. 

b. Preparation of Barium Chloride Hydrate. Pour 20 ml of a 20% 
hydrochloric acid solution into a porcelain bowl and add the remain¬ 
ing part of the prepared barium sulphide to it in small portion 
(in a fume cupboard!). Boil the solution to remove the hydrogen sul¬ 
phide. Write the equation of the reaction. If the solution has an 
alkaline reaction, neutralize it with hydrochloric acid. If necessary, 
filter the solution and evaporate it until a sample of the solution 
begins to crystallize when cooled (put the sample onto a watch glass 
with a glass rod). Cool the solution. Examine the crystallizing sub¬ 
stance under a microscope and draw the shape of the crystals. Filter 
off the crystals on a Biichner funnel and place them into a small jar 
with a ground-glass stopper. 

9. Preparation of Magnesium Perchlorate. Pour together two hot 
solutions (10 ml each) containing equimolecular amounts of sodium 
perchlorate and magnesium chloride and saturated at 90 °C. Without 
letting the liquid cool, filter off the separated crystals on a funnel 
with a filtering bottom. Why cannot the solution be filtered through 
a paper filter? What substance crystallizes from the hot solution? 
What substance precipitates when the mother liquor is cooled? 
Also filter off the crystals precipitating from the cold solution on 
a funnel with a filtering bottom. Examine the shape of the crystals 
of both substances under a microscope. 

Transfer the magnesium perchlorate crystals into a porcelain cru¬ 
cible and dehydrate the salt by heating it in a drying cabinet at 
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230 °C. How can you make sure that dehydration has terminated? 
Cool the preparation in a desiccator over calcium chloride and 
transfer it into a previously weighed dry jar with a good ground- 
glass stopper. Weigh the jar with the preparation and calculate the 
yield in per cent. 

Put a small amount of the anhydrous salt into a weighing bottle 
and weigh it with an accuracy up to 0.1 g. Leave the bottle open 
up to your next lesson and weigh it again. What is the change in 
the weight of the bottle with the salt due to? What is magnesium 
perchlorate used for? Why is magnesium perchlorate preferable to 
other desiccants? 

10. Preparation of Magnesia Cement. Dissolve 1 g of magnesium 
chloride hexahydrate in a minimum amount of water in a porcelain 
bowl and add an amount of magnesium oxide to the solution such 
that there are two parts by weight of the magnesium oxide per part 
by weight of anhydrous magnesium chloride. Put the paste into the 
lid of a crucible and let it stand up to your next lesson. What hap¬ 
pens to the paste? Identify the compound formed. Where is magne¬ 
sia cement used? 

11. Determining the Hardness of Water. The hardness of water 
in some countries is expressed in units called continental hardness 
degrees. One degree corresponds to a content of 10 mg of calcium ox¬ 
ide in one litre of water (1 part in 100 000); magnesium oxide is 
converted to calcium oxide in an equivalent ratio (by multiplying 
the amount of magnesium oxide by 1.4). In the USSR, the unit of 
water hardness is a total calcium and magnesium content in it amount¬ 
ing to 1 mg-equiv. per litre of water. One degree of hardness ex¬ 
pressed in milligramme-equivalent corresponds to 2.8 continental 
hardness degrees. 

At present, the complexonometrie method of determining water 
hardness is being widely used. This method is very sensitive and 
simple to use. It is based on the ability of the disodium salt of 
ethylenedinitrilotetraacetic acid (EDTA or complexon) 

HOOCH 2 C CH 2 COONa 

\ / 

N-CH 2 -CH 2 -N 

/ \ 

NaOOCH 2 C CH 2 COOH 

to form poorly dissociating complexes with ions of magnesium, and 
especially of calcium. Oxynitrodyes such as Eriochrome black T are 
used as an indicator. 

This method is used for water with a varying salt content, but 
with a view to the weakly alkaline reaction in the solution in titra¬ 
tion, one should never have a total calcium and magnesium ion 
concentration in a water sample exceeding 0.5 mg-equiv/litre. There- 
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fore, when taking water for titration, use the following volumes: 
Concentration of calcium 
and magnesium ions, 

mg-equiv/litre 0.5-5.0 5-10 10-20 20-50 
Volume of water 

for titration, ml 100 50 25 10 

When the water being studied contains no magnesium ions, 
which occurs very rarely, the determination is possible only when 
a definite amount of magnesium ions is added to the volume of water 
measured for titration. This amount must then be subtracted from 
the results of the determination. 

Course of Determination. Transfer with a pipette the required vol¬ 
ume of the water being studied into a 200-ml conical flask, add with 
a measuring glass distilled water up to a total volume of 100 ml, 
5 ml of a buffer solution maintaining the pH at about 10, and 4- 
7 drops of an Eriochrome black T indicator. Stir the liquid, and 
then titrate with a 0.02 TV EDTA solution until the colour changes 
from violet-red to light blue. (When the total calcium and magnesium 
content is below 0.5 mg-equiv/litre, use a 0.01 TV solution instead of 
a 0.02 TV one to improve the accuracy.) The end of titration will be 
noticeable better if you place next to it a titrated sample whose 
colour is used as a reference. When more EDTA is added, the colour 
and its intensity do not change. 

Calculation of Results. The total calcium and magnesium ion con¬ 
tent x (in mg-equiv per litre of the water being studied) is calculated 
by the following formula: 


where V is the volume of the EDTA solution used for the determina¬ 
tion, TV is the normality of the EDTA solution, and v 1 is the volume 
of water taken for the determination. 

Example. In the titration of 50 ml of water being studied (plus 
50 ml of distilled water), 12.55 ml of an EDTA solution with a nor¬ 
mality of 0.0203 were used. Hence, the total content of calcium 
and magnesium ions will be 

x — 12.55 x 0.0203 X = 5.10 mg-equiv/litre 

12. Solutions Used in Hardness Determination. Standard Solution. 
It is prepared from a mixture of 0.1 TV solutions of calcium and 
magnesium salts in the ratio 3:1. 

Gradually heat a chemically pure preparation of magnesium sul¬ 
phate heptahydrate in a drying cabinet to 250 °C, bringing it up to 
a constant weight. After cooling in a desiccator, weigh 3.0088 g of 
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anhydrous magnesium sulphate, dissolve it in distilled water in 
500-ml measuring flask, and bring its volume up to the mark on 
the flask. 

Dry a chemically pure preparation of calcium carbonate in a dry¬ 
ing cabinet at 110 °C and after cooling in a desiccator, weigh 
5.004 g. Transfer the substance into a one-litre measuring flask, add 
about 10 ml of distilled water and then concentrated hydrochloric 
acid dropwise, avoiding an excess (usually about 8-9 ml are needed) 
up to complete dissolution of the calcium carbonate. Pour in dis¬ 
tilled water up to the mark on the flask. 

To prepare a 0.02 N standard solution of calcium and magnesium 
salts, pour 75 ml of a 0.1 N calcium chloride solution and 25 ml of 
a 0.1 N magnesium sulphate solution into a 500-ml measuring flask, 
and then add distilled water up to the mark on the flask. 

EDTA Solution. Prepare a 0.02 N EDTA solution by dissolving 
3.75 g of EDTA (complexon) in distilled water in a one-litre mea¬ 
suring flask and then bring the volume up to the mark on the flask. 

Determining the Normality of the EDTA Solution. Transfer 15 ml of 
the 0.02 N standard calcium and magnesium solution with a pipette 
into a 200-ml conical flask, and add 85 ml of distilled water and 5 ml 
of a buffer solution. Stir the liquid and add 4^7 drops of an indicator 
solution, after which titrate it with EDTA in the same way as when 
determining calcium and magnesium. Calculate the normality N 
of the EDTA solution by the formula 

N = N l y- 

where a is the taken amount of the standard calcium and magnesium 
solution, ml, N 1 is the normality of this solution, and V is the 
amount of the EDTA solution used in titration, ml. 

Buffer Solution. Dissolve 20 g of chemically pure ammonium chlo¬ 
ride in distilled water, add 100 ml of a concentrated ammonia solu¬ 
tion, and add distilled water up to one litre. 

Solution of Eriochrome Black T Indicator. Dissolve 0.5 g of a chem¬ 
ically pure preparation in 10 ml of the buffer solution and add etha¬ 
nol up to 100 ml. Other oxynitrodyes can be used in addition to 
Eriochrome black T. 


ALUMINIUM 



Indicate the position of aluminium in Mendeleev’s periodic table of 
the elements, the electron configuration, size of its atom, and its 
oxidation states. 
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21.1 PROPERTIES 

What place is occupied by aluminium in the electrochemical series 
of the metals? How does it react with dilute and concentrated solu¬ 
tions of acids (hydrochloric, sulphuric, nitric) in the cold and when 
heated, does it react with alkali solutions? Write the equations of 
the reactions. 

Reaction of Aluminium with Oxygen and Water. (The experi¬ 
ment is prepared by one student who demonstrates it to the class.) 
Clean two aluminium plates from aluminium oxide with emery paper 
and next from grease by boiling them in a small amount of ethanol. 
Put the plates into a porcelain bowl in a tray with high sides and pour 
a few drops of a mercury(II) nitrate solution onto them. After five 
minutes, wash the plates with water, put one of them on a watch 
glass, and leave it in the air. Immerse the other one into a beaker 
with water. Observe what occurs and explain these phenomena. 
Write the equations of the reactions. 

21.2 COMPOUNDS 

ALUMINIUM HYDROXIDE 

Prepare aluminium hydroxide (what methods can be used for 
this purpose?). Wash the precipitate by decantation and treat it 
with: (a) a sulphuric acid solution, (b) an excess of a sodium hydrox¬ 
ide solution, and (c) an excess of an ammonia solution. What do- 
you observe? Write the equations of the reactions. How can solid 
sodium aluminate be prepared? 

POTASSIUM ALUMINIUM ALUM 

Prepare hot saturated solutions of aluminium and potassium sul¬ 
phates. To do this, dissolve 6.66 g of aluminium sulphate crystallo- 
hydrate in 5 ml of hot (~ 70 °C) water. Calculate what amount of 
potassium sulphate is equimolecular to 6.66 g of the aluminium 
sulphate crystallohydrate. Weigh this amount of potassium sulphate 
and dissolve it in 10 ml of hot water. Pour the potassium sulphate 
solution into that of aluminium sulphate. Cool the solution, filter off 
the precipitated crystals, dry them between sheets of filter paper, 
weigh them, and determine the yield of the substance in per cent. 
Examine the shape of the crystals under a microscope and draw them. 

OTHER COMPOUNDS 

How can the crystallohydrates of aluminium sulphate and alu¬ 
minium chloride be prepared? How does the colour of indicators 
(methyl red, litmus) change in solutions of aluminium sulphate 
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■and of sodium aluminate? Which of these salts hydrolyzes to a great¬ 
er extent and why? What aluminium compound precipitates if 
(a) a sodium carbonate solution is added to a solution of an alumi¬ 
nium salt, and (b) a stream of hydrogen sulphide is passed through 
a solution of an aluminium salt? 


SUPPLEMENTARY EXPERIMENTS 
AND SYNTHESES 

(Hand in all the preparations to your instructor.) 

1. Preparation of Iron by Aluminothermic Process. Roast iron 
oxide in an iron crucible (for what purpose?). Prepare a mixture of 

25 g of the iron oxide and 8 g of 
an aluminium powder. Place 5 g of 
a calcium fluoride powder, and 
then the reaction mixture onto the 
bottom of a well dried chamotte 
crucible (a crucible can be made 
from a sheet of asbestos by fasten¬ 
ing it with a wire). Tamp the con¬ 
tents with a pestle and make a hol¬ 
low in them with the aid of a test 
tube (Fig. 120). Extract the tube 
and lower into the formed hollow 
first a twisted magnesium ribbon 
cleaned with emery paper, and 
then an incendiary mixture pre¬ 
pared by mixing 9g of barium perox¬ 
ide and 1 g of a magnesium powder in a jar (Never grind the incendiary 
mixture in a mortar!). 

Put the crucible into a metal bath with dry sand so that the 
crucible is submerged in the sand up to one-third of its height. 
(.Perform the experiment in a fume cupboard behind a glass window in 
the presence of your instructor! Wear eye protection or a protective mask!) 
Ignite the ribbon with a burning splinter inserted into a long glass 
tube serving as a handle. What happens? Do not look into the crucible 
if the reaction is delayed somewhat! 

After the crucible cools, break it, extract the metal bead, and 
weigh it. Determine the yield in per cent. Write the equation of 
the reaction. 

2. Preparation of Aluminium Hydroxide. Weigh 0.5 g of metallic 
aluminium and dissolve it in a calculated amount of a 10% alkali 
solution. Filter the liquid from undissolved impurities and divide it 
into two unequal parts. Pass a stream of carbon dioxide through the 
larger part of the filtrate. Explain what occurs. Heat the smaller 



Fig. 120. Chamotte crucible for 
an aluminothermic process 
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part of the solution up to boiling and add a few millilitres of a satu¬ 
rated ammonium chloride solution. What is observed? Write the 
equation of the reaction. Wash the precipitate several times with 
water by decantation, filter it off, and dry it in a cabinet, gradually 
raising the temperature to 100 °G. 

3. Preparation of Sodium Aluminate. Weigh 0.5 g each of finely 
ground aluminium oxide and anhydrous sodium carbonate, thor¬ 
oughly mix them, and spill them into an iron crucible. Put the latter 
on a porcelain triangle and heat it strongly with the flame of a braz¬ 
ing burner until carbon dioxide stops evolving. Cool the crucible, 
extract the fused substance, and grind it in a mortar. Transfer 
a small part of the substance into a beaker and pour water over it. 
Test the solution with an indicator. What do you observe? Write the 
equations of the reactions. How can aluminium hydroxide be pre¬ 
cipitated from an aluminate solution. 

4. Preparation of Aluminium Sulphate from Kaolin. Roast about 
25 g of kaolin with the access of air in a muffle furnace (800 °C) to 
remove the moisture and oxidize 
organic matter. Weigh the roasted 
substance, thoroughly mix it with 
the calculated amount of a 40% 
sulphuric acid solution, and heat 
it at 200 °C in a sand bath during 
three or four hours. 

Treat the product with hot water, 
filter the solution, and evaporate 
it until crystals form. Let the 
cooled solution stand for crystalli¬ 
zation. Pour a drop of the hot satu¬ 
rated solution onto a slide, exam¬ 
ine the formed crystals under a 
microscope, and draw their shape. 

Filter off the obtained salt on a 
Buchner funnel, dry it in the air, and 
weigh it. What is the composition of the salt? Write the equation of 
the reaction. Calculate the yield in per cent. Roast a small part of 
the crystals on the lid of a crucible. Explain what you observe. 

5. Preparation of Aluminium Chloride in a Fluidized Bed. Assemble 
an apparatus as shown in Fig. 121. Place 25 g of dry aluminium 
oxide onto porous chamotte partition 2 of quartz reactor 1 and 200- 
250 ml of carbon tetrachloride into flask 4. Pass a stream of dry 
nitrogen into the apparatus via tube 3 at such a rate that a “flame” 
of the metal oxide appears at a distance of 30-50 mm from the edge 
of the horizontal bend of the reactor. 

Switch on furnace 5 and raise the temperature in the reactor up 
to 850-900 °C. Heat the carbon tetrachloride in a water bath up to 
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60-65 °C. If a blue or blue-black colour appears in receiver 6 (explain 
its origin), lower the evaporation temperature of the carbon tetra¬ 
chloride to 50 °C. Perform chlorination during 15 minutes. 

After completing chlorination, disconnect receiver 6 with the 
sublimed product and rapidly transfer it into a dry chamber or 
a large desiccator filled with dry carbon dioxide. Spill the obtained 
substance into a weighed drawn out test tube and seal the latter. 
Weigh the ampoule with the substance and the remaining part of the 
tube. Calculate the yield in per cent. 

6. Preparation of Aluminium Bromide. (Perform the experiment 
in a fume cupboard!) Assemble an apparatus as shown in Fig. 122a. 




Fig. 122. Apparatus for preparing aluminium bromide 


Lubricate the ground-glass joints in the apparatus with a concentrat¬ 
ed sulphuric acid solution. Clean a piece of metallic aluminium 
with emery paper, make 10-12 g of shavings from it, and put it 
into flask 1. Pour 30 ml of dry bromine into dropping funnel 2. This 
amount of bromine is not sufficient for the aluminium to enter into 
the reaction completely (why is excess aluminium taken?) 

While heating flask 1 with a small burner flame, dry the appara¬ 
tus with a stream of carbon dioxide thoroughly dried by passing it 
consecutively through two wash bottles with concentrated sulphur¬ 
ic acid and a column with phosphorus pentoxide. Add the bromine 
dropwise to the aluminium. At the beginning of the experiment, 
carefully heat the flask containing the aluminium with the flame of 
a burner; when the contents of the flask have been heated strongly, 
stop the heating. 

After termination of the reaction, heat flask 1 strongly with the 
flame of a burner and distil the obtained aluminium bromide in 
a stream of carbon dioxide into receiver 3. To remove traces of bro¬ 
mine, repeat the distillation in the apparatus shown in Fig. 122b 
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putting several pieces of metallic aluminium into it (for what pur¬ 
pose?). Collect the aluminium bromide in weighed receiver 4 cooled 
with a mixture of ice and sodium chloride. When the distillation is 
completed, disconnect the receiver (a Wurtz test tube) from the 
apparatus and seal it at the narrow part. Weigh the sealed ampoule 
with the preparation and the remaining part of the test tube. Calcu¬ 
late the yield in per cent proceeding from the taken amount of bro¬ 
mine. 


THE RARE-EARTH ELEMENTS 

Indicate the position of the rare-earth elements in Mendeleev’s peri¬ 
odic table, the electron configurations and sizes of their atoms, and 
their oxidation states. 



22.1 CERIUM(III) COMPOUNDS 

HYDROXIDE 

1. Pour 1 ml of cerium nitrate into a test tube and add a few drops 
of sodium hydroxide. What happens? Write the equation of the 
reaction. Act on the precipitate with an excess amount of the sodium 
hydroxide. Does cerium hydroxide react with sodium hydroxide? 

2. React the cerium hydroxide precipitate with 1 N solutions of 
hydrochloric, sulphuric, and nitric acids. Write the equations of 
the reactions. 

3. Prepare cerium(III) hydroxide as described above and let it 
stand in the air. In a few hours, note what changes occurred in the 
precipitate. Write the equation of the reaction. 

4. Add a hydrogen peroxide solution to a cerium(III) hydroxide 
precipitate. IIow does the colour of the precipitate change? Write 
the equation of the reaction. 

SALTS 

1. Add a sodium carbonate solution to a cerium nitrate one. 
What do you observe? Write the equation of the reaction. How do 
mineral acids react with the obtained salt? 

2. Prepare cerium oxalateand see how it reacts with acids. What 
is the value of the solubility product of cerium oxalate? 
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22.2 CERIUM (IV) COMPOUNDS 

HYDROXIDE 

1. Pour a sodium hydroxide solution into a solution of cerium(IV) 
sulphate. What is observed? Write the equation of the reaction. 

2. Add an equal volume of a sodium carbonate solution to a ceri¬ 
um nitrate one, next add dropwise a potassium permanganate solu¬ 
tion. What is the composition of the precipitate? Write the equa¬ 
tion of the reaction. 

SALTS 

1. Add an ammonium persulphate solution to one of cerium(III) 
sulphate. What changes do you observe? Write the equation of the 
reaction. 

2. Add a potassium iodide solution to one of cerium(IV) sulphate 
acidified with sulphuric acid. How can you explain the change in 
the solution’s colour? Write the equation of the reaction. What 
properties do cerium(III) and cerium(IV) salts exhibit? 

SUPPLEMENTARY EXPERIMENT 

Preparation of Cerium (III) Sulphate by the Photochemical Reduc¬ 
tion of Cerium(IV) Compounds with Ethanol. Place 6 g of cerium(IV) 
nitrate into a wide 150-ml beaker and dissolve it in a minimal amount 
of water. Add 20 ml of 50% sulphuric acid and 20 ml of ethanol to 
the solution. Irradiate the mixture with ultraviolet light up to the 
complete vanishing of the orange colour, maintaining a constant 
volume in the beaker by adding ethanol. Next evaporate the solution 
in a water bath, retaining a small volume of the mother liquor. 
Rapidly, without letting the solution cool, separate the colourless 
crystals with the aid of a glass filter No 2 (~ 270 mesh). Dry the 
crystals in the air, place them in a weighed glass weighing bottle, 
weigh them, and calculate the yield in per cent. 


TITANIUM, ZIRCONIUM, HAFNIUM 

Indicate the position of titanium, zirconium, and hafnium in Mende¬ 
leev’s periodic table of the elements, the electron configurations 
and size of their atoms, and their oxidation states. 

What places are occupied by these metals in the electrochemical 
series? How do they react with the oxygen of the air, with water, 
acids, and alkalies? 
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23.1 TITANIUM(IV) COMPOUNDS 

Titanic Acid. Add a 10% ammonia solution to 10 ml of a solution 
of titanium tetrachloride in hydrochloric acid with constant stirring 
up to the complete precipitation of titanic acid. Let the precipitate 
settle, pour of! the solution, and rinse it several times with water 
by decantation. 

See how titanic acid reacts with 10% solutions of acids and alkalies. 
Shake a small amount of titanic acid in a test tube with water and 
boil it. Pour off the water and again see how the titanic acid reacts 
with acids and alkalies. How and why did the reactivity of the 
titanic acid change? 

Put a small amount of the titanic acid on the lid of a crucible, 
dry it in a drying cabinet, and then roast it. What is obtained? 
Write the equation of the reaction. How does the colour of the 
preparation change when roasted? Is the previous colour restored 
after the substance has been cooled? Dry the remaining amount of the 
titanic acid in the air and hand it in to the laboratory assistant. 

What hydrates are called alpha- and beta-titanic acids, how are 
they prepared, and what are their properties? How, having at hand 
titanium(IV) oxiae, can you prepare potassium titanate and titanyl 
sulphate? 

Compare the properties of titanium(IV), zirconium (IV), and 
hafnium(IV) hydroxides. 

Hydrolysis of Titanium Tetrachloride. (Perform the experiment 
in a fume cupboard!) Pour 4-5 ml of water into a bowl and add a few 
drops of titanium tetrachloride. What is observed? Write the equa¬ 
tion of the reaction. 

Peroxide Compounds. Add a few drops of a 3% hydrogen peroxide 
solution to a solution of titanium tetrachloride in hydrochloric 
acid. What do you observe? What is the composition of titanium 
peroxide compounds? 

23.2 TITANIUM (III) COMPOUNDS 

Preparation of Titanium(III) Sulphate Solution. Pour 7-10 ml 
of an acidified titanyl sulphate solution into a test tube, add 3-5 ml 
of a 10% sulphuric acid solution, and put in two or three small pieces 
of zinc. How does the colour of the solution change? Write the 
equation of the reaction. 

Studying the Properties of Titanium(III) Compounds. Pour 2 ml 
of the titanium(III) sulphate solution prepared in the preceding 
experiment into each of two test tubes. Let one tube stand in the 
air. What is observed? Add several drops of a potassium permanga¬ 
nate solution to the other tube. What happens? Write the equations 
of the reactions. 



208 


Titanium, Zirconium, Hafrtium 


Pour the remaining titanium(III) sulphate solution off the zinc 
into a third test tube and rapidly add to it a 10% sodium hydroxide 
solution. See how titanium(III) hydroxide reacts with the oxygen 
of the air, and also with 10% acid and alkali solutions. Write the 
•equations of the reactions. What properties do titanium(III) com¬ 
pounds exhibit? 

Why do titanium(III) salts hydrolyze to a smaller extent than 
titanium(IV) salts? Using the crystal field theory, explain why 
titanium(III) compounds are coloured, while titanium(IV) ones are 
•colourless. 


SUPPLEMENTARY EXPERIMENTS 

(Hand in all obtained preparations to your instructor.) 

1. Preparation of Titanium Tetrachloride and Studying of Its 
Properties, a. Preparation. (Perform the experiment in a fume cup¬ 
board!) Weigh 5 g of titanium(IV) oxide, 2gof powdered coal, 2 g of 
dextrin, and thoroughly mix them. Wet the mixture with a small 
amount of water and, while stirring it with a glass rod, prepare 
beads the size of a pea from it. Put the beads on a ceramic dish, and 
dry them first in the air and then in a drying cabinet at 150-200 °G 
during three to five hours. Carefully transfer the beads into a crucible 
and cover them with a layer of powdered coal. Cover the crucible 
with its lid or a piece of asbestos and roast it in a muffle furnace 
at 500-600 °C during 30-40 minutes. 

Cool the beads in a desiccator and rapidly transfer them into the 
■quartz tube of a chlorination apparatus (see Fig. 111). Again dry 
the mixture in a stream of clean and dry carbon dioxide at 500- 
600 °C until steam stops condensing at the quartz tube outlet. After 
removal of the moisture, connect a preliminarily weighed receiver— 
a Wurtz flask or a Wurtz test tube—to the reaction tube instead of 
flask 3. Displace the carbon dioxide with a stream of dry chlorine 
and, maintaining the furnace temperature at about 600 °C, pass 
a strong chlorine stream through the system. What happens? Write 
the equation of the reaction. 

When condensation of the titanium tetrachloride ends, cool the 
furnace to 200-300 °C without stopping the chlorine stream, then 
displace the chlorine with a stream of dry carbon dioxide, rapidly 
remove the receiver flask, and close it with a preliminarily weighed 
stopper. Weigh the receiver with the titanium tetrachloride and 
calculate the yield in per cent. 

Pour part of the titanium tetrachloride into a small beaker con¬ 
taining 5-10 ml of concentrated hydrochloric acid. What occurs? Write 
the equation of the reaction. Remove the stopper from the receiver 
flask. Lower a few copper shavings into the flask (for what purpose?) 
and capillaries sealed at one end. Rapidly close the flask with a stop- 
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per provided with a dephlegmator and a thermometer (see Fig. 20). 
Cover the flask with asbestos and put it onto an electrical flask heater. 
What is the boiling point of titanium tetrachloride? Distil the tita¬ 
nium tetrachloride into a test tube provided with a constriction and 
cooled with dry ice, and seal the tube (wear eye protection, seal 
the tube in the presence of your instructor!). 

b. Hydrolysis. (Perform the experiment in a fume cupboard!) 
Pour 4-5 ml of water into a bowl and add several drops of titanium 
tetrachloride (a laboratory preparation). Comment on your observa¬ 
tions. 

2. Preparation of Zirconium (Hafnium) Bromide (Iodide). To pre¬ 
pare a zirconium (hafnium) halide, use a multisection tube made 
from refractory glass with a test tube and offtake fused to it (Fig.123). 

When preparing zirconium bromide, place 1-2 g of phosphoric anhy¬ 
dride into test tube 1 and through offtake 2 pour in the amount of 



Fig. 123, Apparatus for preparing zirconium (hafnium) halides 


bromine calculated for reacting with 3 g of metallic zirconium. Dry 
the bromine beforehand over phosphorus(V) oxide. 

When preparing zirconium iodide, take 20% less iodine than the 
stoichiometric amount. Place the iodine into test tube 1 and spill 
a mixture of potassium iodide and freshly prepared calcium oxide 
(2-3 g) onto it. 

Seal off offtake 2 and spill metallic zirconium into section 5 via 
offtake 6. Tightly close offtake 6 with a rubber stopper. Connect the 
apparatus via offtake 8 to a vacuum system for 15-20 min. Next place 
test tube 1 into a Dewar vacuum flask with liquid nitrogen and seal 
off offtake 6. (Perform this work wearing eye protection in the 
presence of your instructor!) After the pressure in the system be¬ 
comes equal to 10 -2 mmHg (in about 40-60 minutes), seal off offtake 
8. Stop cooling test tube 1 and wait until the apparatus acquires 
room temperature. 

Fasten the sealed apparatus in a stand behind the protective 
window of a fume cupboard (wear eye protection!) and slightly heat 
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the section containing the metal with a burner. Carefully heat test 
tube 1 with a burner until the halogen begins to evaporate. After 
the reaction starts, stop heating the zirconium. Make sure that sec¬ 
tion 7 remains cold and the constrictions between the sections are 
not clogged with the product. 

When a violent reaction stops, heat the metal again. After evapo¬ 
ration of all the halogen from test tube 2, seal off constriction 3 very 
carefully. Repeatedly pass the halogen over the heated metal. When 
the halogen vapour disappears in the apparatus, distil the product in¬ 
to section 4 or 7 and seal it off. 

3. The Preparation of Ammonium Heptafluozirconate(IV). In 
a platinum bowl, dissolve 20 g of zirconium(IV) oxide in a hot 40% 
hydrogen fluoride solution taken in an excess of 20% relative to the 
calculated amount needed to convert the zirconium(IV) oxide to the 
tetrafluoride. Cool the solution in a bath with ice to 5 °C and filter 
it through a paper filter (preliminarily cover the funnel with a thin 
layer of paraffin). 

Calculate the amount of ammonium fluoride needed to convert 
the zirconium tetrafluoride to ammonium heptafluozirconate, and 
weigh a three-fold excess of the substance (why should the excess 
ammonium fluoride be taken?). Dissolve the ammonium fluoride in 
a minimum amount of water (see Appendix 1, Table 1), filter the 
solution, and add it to the zirconium tetrafluoride solution. If no 
ammonium heptafluozirconate precipitate appears, add 10-20 ml of 
ethanol. Filter off the precipitate with the aid of a Buchner funnel, 
rinse it several times on the filter with ethanol, and dry it in 
the air. 

It is good to perform all the operations in platinum ware. Trans¬ 
fer the product into a weighed weighing bottle and weigh it. Calcu¬ 
late the yield in per cent. Ammonium heptafluohafnate can be prepared 
in a similar way. 


VANADIUM, NIOBIUM, TANTALUM 

Indicate the position of vanadium, niobium, and tantalum in Mende¬ 
leev’s periodic table of the elements, the electron configurations and 
size of their atoms, and their oxidation states. 

What place do these metals occupy in the electrochemical series? 
How do they react with acids and alkalies? What compounds form 
when vanadium, niobium, and tantalum react with oxygen, the 
halogens, and sulphur? 
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24.1 VANADIUM COMPOUNDS 

Preparation of Vanadium(V) Oxide. Put 0.1-0.2 g of ammonium 
vanadate onto the lid of a crucible. Heat the lid with the flame of 
a burner through an asbestos gauze. What do you observe? Write the 
equation of the reaction. 

Properties of Vanadium(V) Oxide. Put a small amount of vana¬ 
dium^) oxide into a number of test tubes. See how it reacts with 
water, 10% solutions of hydrochloric, sulphuric, and nitric acids, 
and also of an alkali in the cold and when heated. Write the equation 
of the reactions. 

What is the value of the solubility of vanadium(V) oxide in wa¬ 
ter? What ions are present in an aqueous solution of vanadium(V) 
oxide and what crystallohydrates of this oxide have been separated? 
How do the oxidizing properties of vanadium(V) oxide manifest 
themselves? 

Salts of Vanadic Acid. Pour 3-4 ml of a sodium vanadate solution 
into each of two test tubes. Add to one of them a silver nitrate 
solution, and to the other a saturated ammonium chloride solution. 
Write the equations of the reactions. 

Add a 1 N sulphuric acid solution dropwise to a sodium vanadate 
solution with stirring. Explain the change in the colour of the solu¬ 
tion. Write the net ionic equations of the reactions proceeding in 
an aqueous solution of vanadates when the pH decreases or increases. 

Vanadium Peroxide Compounds. Add several drops of a 3% hydro¬ 
gen peroxide solution to 2-3 ml of a sodium vanadate solution acid¬ 
ified with a dilute sulphuric acid solution. What is observed? 
Write the equation of the reaction. 

Compounds of Vanadium in Lower Oxidation States. Melt paraffin 
in a porcelain bowl or test tube. Put seven test tubes with stoppers 
onto a test tube stand. Pour 10 ml of a sodium vanadate solution 
into a small 50-ml flask, add 10 ml of a 20% sulphuric acid solution, 
and put in 8-10 small pieces of granulated zinc. Watch how the 
solution’s colour changes. As a new colour appears, pour off 1-2 ml 
of the solution into each of three of the tubes. In one of them, pour 
melted paraffin over each layer of liquid with a new colour. Close 
the other two tubes with their stoppers and pour the following por¬ 
tion of the solution with a new colour into two empty tubes with 
stoppers. 

What vanadium compounds are obtained when zinc reacts with 
a sodium vanadate solution in an acid medium? Write the equations 
of the reactions. 

Rapidly add a 10% sodium hydroxide solution to one series of 
solutions containing compounds of vanadium in different oxidation 
states. What do you observe? See how the obtained hydroxides react 
with acids and alkalies. Add a potassium permanganate solution 
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dropwise to another series of solutions having the corresponding col¬ 
our. What do you observe? Let the flask with the remaining part of 
the solution stand open in the air and watch how the solution’s 
colour changes. Write the equations of the reactions. 


SUPPLEMENTARY EXPERIMENTS 
AND SYNTHESES 

(Hand in all the obtained preparations to your instructor.) 

1. Preparation of Vanadium by the Aluminothermic Process. 
{Perform the experiment in the presence of your instructor! 
Wear eye protection or a protective mask!) Thoroughly dry 
vanadium oxide in a drying cabinet at 120-130 °C. Prepare a mixture of 
10 g of vanadium(V) oxide with 6.5 g of aluminium in grains. Place 
the mixture into a chamotte crucible as shown in Fig. 120. 

Prepare 16 g of an incendiary mixture (see p. 202). Insert a magne¬ 
sium ribbon into the hollow made with a test tube and spill the in¬ 
cendiary mixture into the hollow. Place the crucible into a bath 
with sand. Perform the experiment on the floor near a fume cup¬ 
board or in one. Carefully ignite the magnesium ribbon with a burning 
splinter inserted into a long glass tube. After the flash, let the molten 
substance cool, break it up, and extract the metal bead. 

How does vanadium react with acids and alkalies? 

2. Preparation of Vanadium(V) Oxide. Weigh 0.5 g of ammonium 
vanadate in a crucible. Roast the crucible with its contents up to 
a constant mass in a crucible furnace at 300-400 °C. Roast in an 
atmosphere of dry oxygen or air, feeding it into the furnace from a gas 
meter. Why is the substance roasted in an oxygen atmosphere? 
Write the equation of the reaction. 

. Study the properties of vanadium(V) oxide (see p. 211). 

3. Preparation of Sodium Vanadate. Put a thoroughly triturated 
mixture of 0.5 g of vanadium(V) oxide and 1 g of sodium carbonate 
into a crucible and place it into a crucible furnace. Raise the fur¬ 
nace temperature to 800 °C and control the course of the process. 
Lower the hot crucible into a beaker with water to separate the melt 
easily from the crucible walls. Crush the melt in a mortar and treat 
it with water while heating. Evaporate the solution until crystalli¬ 
zation begins. Examine the crystals under a microscope. Write 
the equation of the reaction. 

Study the properties of vanadates (see p. 211). 

4. Preparation of Vanadium Oxychloride and Studying of Its 
Properties. Preparation of Vanadium Oxychloride by Roasting a 
Mixture of Vanadium(V) Oxide with Charcoal in a Chlorine Stream. 
Prepare a fine mixture of 5 g of vanadium(V) oxide, 3 g of charcoal, 
and 5 g of dextrin. Add water dropwise to the mixture until a paste 
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forms. Prepare beads the size of a pea from it. Place the beads on 
a ceramic dish and dry them in a drying cabinet at 150-200 °C, next 
transfer them into a crucible, and spill charcoal over them. Cover 
the crucible with its lid or a piece of asbestos and roast it in a muffle 
furnace at 600-700 °C. Cool the beads in a desiccator and transfer 
them into the reaction tube of a chlorination apparatus (see Fig. Ill), 

Switch on the furnace and, without connecting receiver 2, dry the 
beads again in a carbon dioxide atmosphere at 500-600 °C. When the 
evolution of moisture stops, connect weighed receiver 2, and pass 
dry chlorine through the system, maintaining the furnace tempera¬ 
ture at 600-700 °C. What happens? Write the equation of the reaction. 

When the chlorination process terminates, stop the heating, cool 
the apparatus in a chlorine stream to 300-400 °C, and displace the 
chlorine from the apparatus with carbon dioxide. Disconnect the 
receiver and rapidly close it with a weighed stopper. Weigh the 
receiver with the vanadium oxychloride and calculate the yield in 
per cent. 

Remove the stopper from receiver 2 and introduce copper shavings. 
Close the flask with a stopper provided with a dephlegmator and 
thermometer (see Fig. 20). Wrap the flask in asbestos and put it into 
an electrical flask heater. What is the boiling point of vanadium oxy¬ 
chloride? Transfer the collected liquid into a weighed drawn out 
test tube. (Wear eye protection , seal the substance in the presence of 
your instructor!) Weigh the ampoule with the remaining part of the 
tube. Calculate the yield in per cent. 

Hydrolysis of Vanadium Oxychloride. (Perform the experiment in 
a fume cupboard!) Pour 3-4 ml of water into a bowl and add several 
drops of vanadium oxychloride. What occurs? 

Preparation of Vanadium Oxychloride by Reacting Vanadium(V) 
Oxide with Thionyl Chloride. Place 16 g of ammonium vanadate 
into a porcelain crucible. Roast the substance up to a constant mass 
at 500-550 °C in a crucible furnace, passing oxygen into the latter 
via a glass tube from a gas meter. 

Assemble an apparatus (see Fig. 21). Place the prepared vanadi- 
um(V) oxide into a flask and add 12 ml of freshly distilled thionyl 
chloride. Heat the flask in a water bath for three or four hours. 
Replace the reflux condenser with a dephlegmator provided with an 
inclined cooler (see Fig. 20). Distil off the fraction boiling at 126- 
127 °C by carefully heating the flask with the open flame of a bur¬ 
ner. Transfer the collected liquid into a weighed drawn out test tube. 
(Wear eye protection , seal the substance in the presence of your instruc¬ 
tor!) Weigh the ampoule with the substance and the remaining part 
of the tube. Calculate the yield in per cent. 

5. Preparation of Ammonium Fluovanadate(III). Assemble an 
apparatus as shown in Fig. 115. Put a porcelain boat with 5 g of 
ammonium vanadate into quartz tube 5. Check the tightness of the 
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apparatus. After testing the purity of the hydrogen, switch on the 
furnace. Slowly raise the temperature to 500-600 °C and carry out 
reduction during two hours. Cool the apparatus in a stream of hydro¬ 
gen. Weigh the obtained vanadium(III) oxide. 

Calculate the amount of ammonium difluoride needed to prepare 
ammonium fiuovanadate(III). Take twice as much ammonium diflu¬ 
oride as calculated and melt it in a copper bowl. (Perform the experi¬ 
ment in a fume cupboard, wear eye protection and gloves!) 

Introduce vanadium(III) oxide into the melt while continuously 
stirring with a nickel spatula. Cool the melt. In an hour, grind 
the cooled green sinter in a porcelain mortar and again heat it in 



Pig. 124. Apparatus for preparing niobium (tantalum) chloride and purifying 
it from impurities 

a platinum bowl with constant stirring. Heat until the evolution of 
a white smoke terminates (what is its composition?). Do not raise 
the temperature above 200 °C because under these conditions decom¬ 
position and oxidation of the product are possible. Write the equa¬ 
tions of the reactions. Weigh the product and calculate the yield in 
per cent. 

6. Preparation of Anhydrous Dioxovanadium Nitrate (V0 2 N0 3 ). 
Prepare 7-10 ml of liquid nitrogen(IV) oxide (see p. 141). Mix the 
nitrogen(IV) oxide with 5-7 cm 3 of dry acetonitrile in a test tube 
(see Fig. 92a). Add 0.3-0.5 g of metallic vanadium preliminarily crus¬ 
hed in a porcelain mortar to this mixture. Close the test tube with 
a stopper provided with a calcium chloride tube containing phos¬ 
phoric anhydride. 

After 24 hours, distil off the excess nitrogen(II) oxide and acetoni¬ 
trile on a water bath in a vacuum produced by a water-jet pump. 
Weigh the product and calculate its yield in per cent. 

7. Preparation of Niobium (Tantalum) Chloride and Purification 
from Iron Impurities. Assemble an apparatus as shown in Fig. 124. 
Place activated carbon preliminarily dried in vacuum during two 
hours at 200-250 °C into section III of the reactor. Mix 2 g of niobium 
(tantalum) and 0.5 g of iron in a porcelain boat and place them in 
section I. Fill columns 5 and 6 with a mixture of glass wool and phos¬ 
phoric anhydride, and fill wash bottle 7 with sulphuric acid. 

Displace the air from the apparatus with a stream of dry carbon 
dioxide. Switch on furnace 1 and 2, and raise the temperature in 
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them to 200 and 400 °C, respectively. Let the system stand for dry¬ 
ing at these temperatures during 30 minutes. 

Connect dry receiver 4. Reduce the rate of flow of the carbon di¬ 
oxide to one bubble a second. In 20 minutes, stop the stream of car¬ 
bon dioxide and pass chlorine through the apparatus at a rate of five 
bubbles a second. After the entire reactor is filled with chlorine, raise 
the temperature in furnace 1 to 400 °C and perform chlorination 
during one hour. Next stop the supply of chlorine and displace it 
from the apparatus with dry carbon dioxide. Lower the temperature 
of the furnace to 350 °C and, while slowly moving furnace 1 in the 
direction of receiver 4, distil off the chlorides gathered in middle sec¬ 
tion II through the layer of activated carbon into the receiver. 
Transfer the substance from receiver 4 into a preweighed weighing 
bottle in a dry chamber and weigh it. Calculate the yield in per cent. 

Extract the activated carbon from the reactor after it cools. Wash 
the carbon with a 15% hydrochloric acid solution. Determine the 
presence of iron qualitatively in the wash water. 


OC CHROMIUM, MOLYBDENUM, TUNGSTEN, 

^ W URANIUM 

Write the electron configurations of the chromium, molybdenum, 
tungsten, and uranium atoms. Why are the sizes of molybdenum and 
tungsten atoms almost the same? Which oxidation states are exhib¬ 
ited by the most stable compounds of these elements (for example, 
their natural compounds)? Explain the observed laws. 

What place do the chromium subgroup elements occupy in the 
electrochemical series of the metals? How do they react with acids 
and with alkalies? Write the equations of the relevant reactions. 


25.1 CHROMIUM 

CHROMIUM(II) COMPOUNDS 

Preparation of Chromium(II) Chloride. (Perform one of the fol¬ 
lowing two experiments.) 1. Put several pieces of metallic chromium 
into a test tube, pour in 2-3 ml of a 20% hydrochloric acid solution, 
and insert a stopper with a gas-discharge tube. Connect to the latter 
a rubber tube with a slot closed by a glass rod (a Bunsen valve, 
Fig. 125). What is the role of the slot in the rubber tube? Identify 
the substance in the solution. Write the equation of the reaction. 

2. Put a few pieces of zinc into a small flask, pour in 2-3 ml of 
a chromium(III) chloride solution, 5-10 ml of a 10% hydrochloric 



216 


Chromium, Molybdenum, Tungsten, Uranium 


acid solution, and 0.5 ml of petrol. Close the flask with a stopper pro¬ 
vided with a gas-discharge tube. Immerse the end of the tube into 

water. What is the petrol used for? 



How does the colour of the solu¬ 
tion change during the experiment? 
Write the equation of the reac¬ 
tion. Keep the solution for further 
use. 

Properties of Chromium(II) Chlo¬ 
ride. Perform all experiments 
with chromium(II) chloride rapid¬ 
ly! Why? 

1. Pour several millilitres of 
the obtained chromium(II) chloride 
solution into a test tube and let 
it stand in the air. How does the 
colour of the solution change? 
What properties are exhibited by 
the chromium(II) chloride? Write 


Fig. 125 s Bunsen valve 


the equation of the reaction. 

2. Put a few sodium acetate crys¬ 


tals into a test tube and add a chro- 


mium(II) chloride solution to them. What do you observe? Write 
the equation of the reaction. 

3. Pour an excess of a 10% sodium hydroxide solution into 
a test tube with a chromium(II) chloride solution. What is obtained? 
What properties does chromium(II) hydroxide have? 


CHROMIUM (III) COMPOUNDS 

Preparation and Properties of Chromium(III) Oxide. (Perform one 
of the following two experiments.) 1. Take 2.5 g of comminuted 
potassium dichromate, mix with 0.5 g of sulphur, put the mixture 
into a porcelain crucible, and heat with the flame of a burner. 
(Perform the experiment in a fume cupboard!) Remove the bur¬ 
ner when self-glowing of the mixture is noticeable. Grind the 
sinter in a mortar with water, filter off the chromium oxide, rinse it, 
and dry it in a drying cabinet. Write the equation of the reaction. 

2. Spill a small amount of triturated ammonium dichromate into 
a small porcelain crucible and put the latter into a porcelain triangle 
on a ring of a stand. Spread out a sheet of paper underneath. Heat 
the crucible with the flame of a burner. Remove the latter as soon as 
the ammonium dichromate begins to decompose. Gather the chro- 
mium(III) oxide formed. Write the equation of the reaction. 

How does chromium (111) oxide react with water, acid and alkali 
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solutions? With what reactants should chromium oxide be fused to 
produce sodium chromite and chromium(III) sulphate? 

Preparation and Properties of Chromium(III) Hydroxide. Prepare 
chromium hydroxide and see how it reacts with dilute solutions of 
acids and alkalies. Write the equations of the reactions. What type 
of hydroxides does chromium hydroxide relate to? What is the 
structure of the hydroxochromate(III) ion? 

Preparation of Chromium Potassium Alum. Pour 25 ml of water 
into a 50-ml beaker and dissolve 2.5 g of potassium dichromate in it. 
Add a concentrated sulphuric acid solution to the mixture (one- 
and-a-half the stoichiometric amount). First cool the mixture to 
room temperature, and then put it into water with ice and add 
ethanol dropwise from a dropping funnel until the solution acquires 
a violet colour (sulphur dioxide can also be used as the reducing 
agent). Keep the temperature below 40 °C (why?). After adding the 
ethanol, let the solution stand to your next lesson. Write the equa¬ 
tion of the reaction. 

Filter off the formed crystals and dry them on filter paper. Choose 
a well formed crystal of the alum, fasten it with the aid of a thin 
thread or hair to a glass rod and lower it into the mother liquor. 
Watch how the crystal grows several days. Examine the shape of the 
chromium potassium alum crystals under a microscope and compare 
it with that of potassium aluminium alum crystals. What will 
happen if crystals of potassium aluminium alum are lowered into 
a saturated solution of chromium potassium alum. 

Define isomorphism. 

Properties of Chromium(III) Salts. 1. Dissolve several crystals 
of a chromium(III) salt in cold water and note the colour of the 
solution. Heat the solution up to boiling. How does its colour 
change? 

What structure can ions of chromium(III) have in an aqueous solu¬ 
tion depending on the conditions? Explain the structure of aqua- 
complex chromium(III) ions from the viewpoint of the valence bond 
method. 

What is the pH of a chromium(III) sulphate solution? Why? 

2. Prepare a chromite solution using for this purpose the smallest 
possible amount of a sodium hydroxide solution, and boil it. What 
happens? Which salt hydrolyzes more—one of chromium(III) oxide 
or sodium chromite? Why? How can the hydrolysis of chromium(III) 
chloride be brought to the end? 

3. Add an ammonium sulphide solution to one of chromium(III) 
sulphate. What is the composition of the precipitate? How can chro- 
mium(III) sulphide be prepared? 

4. Add an excess of an alkali solution and bromine water to a chro- 
mium(III) sulphate solution. Heat the mixture. How does the colour 
of the solution change? Write the equation of the reaction. 
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CHROMIUM (VI) COMPOUNDS 

Preparation of Potassium Chromate. (Perform one experiment on 
each table.) Melt a mixture of 1 g of potassium carbonate, 1 gof 
potassium hydroxide, and 2 g of potassium nitrate in an iron cruci¬ 
ble by heating with the flame of a burner. While stirring the melt 
with an iron wire, introduce 1 g of finely comminuted chromite or 
0.8 g of chromium oxide into the crucible. Roast the mixture for 5- 
10 minutes on a blowpipe. Treat the cooled melt with water. Filter 
the solution and evaporate it until a crystalline film appears. What 
is the composition of the formed crystals? Why was potassium car¬ 
bonate introduced into the reaction? Write the equation of the 
reaction. 

Properties of Chromic Acid Salts. 1. Dissolve a small amount 
of the prepared potassium chromate in water and add dilute sul¬ 
phuric acid. What is the change in the solution’s colour due to? 
How does the composition of chromic acid salts change depending 
on the reaction of the medium? Write the equations of the reactions. 

2. Pour an ammonium sulphide solution into a potassium chro¬ 
mate or dichromate solution and heat the mixture. How does the 
solution’s colour change? What is the composition of the precipitate? 
Write the equation of the reaction. What properties does chromi- 
um(VI) exhibit in this reaction? How does an acidified potassium 
chromate or dichromate solution react with hydrogen sulphide, 
sulphur dioxide, and an iron(II) salt? Write the equations of the 
reactions. 

3. Pour potassium chromate and dichromate solutions into sepa¬ 
rate test tubes and add a solution of a barium salt to each of them. 
What is the composition of the precipitates? See how the obtained 
salts react with dilute acids. Perform similar experiments with 
a lead salt. Write the equations of the reactions. 

Preparation of Chromic Anhydride. Place 1 g of potassium dichro¬ 
mate into a porcelain bowl, dissolve it in 10 ml of water, and add 
6 ml of concentrated sulphuric acid while stirring with a glass rod. 
What substance precipitates? Cool the solution and filter off the pre¬ 
cipitate on a funnel with a glass filtering bottom. Write the equation 
of the reaction. 

Properties of Chromic Anhydride. (Perform the experiment in 
a fume cupboardl) 1. Put several crystals of the chromic anhydride 
prepared in the preceding experiment onto the lid of a crucible and 
pour two or three drops of ethanol onto them from a pipette. What 
happens? Write the equation of the reaction. 

2. Dissolve part of the chromic anhydride crystals in water. 
Pour 2-3 ml of the solution into a test tube and add a potassium 
iodide solution. What is observed? Write the equation of the reaction. 

Chromium Peroxide Compounds. Add a little of a dilute sulphu- 
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ric acid solution, 1-2 ml of ethyl ether, and a few drops of a potassium 
chromate or dichromate solution to 2-3 ml of a dilute hydrogen per¬ 
oxide solution. Carefully stir the mixture. What is in the ether and 
water layers? Write the equation of the reaction. 

25.2 MOLYBDENUM AND TUNGSTEN COMPOUNDS 

Molybdic and Tungstic Anhydrides. Place several ammonium 
molybdate crystals onto the lid of a crucible and first heat them 
carefully, and then roast them strongly. What occurs? Perform 
a similar experiment with ammonium tungstate or tungstic acid. 
Write the equations of the reactions. At what temperature do molyb¬ 
dic and tungstic anhydrides sublime? 

Compare the properties of the trioxides of the chromium subgroup 
elements (their colour, thermal stability, oxidizing ability, and 
reaction with water). 

Molybdic and Tungstic Acids. What hydrates do molybdenum 
and tungsten trioxides form? 

1. Pour 2-3 ml of a 10% nitric acid solution into 2-3 ml of a 20% 
ammonium molybdate solution. What substance precipitates? 
What is its colour? Wash the precipitate with water by decantation 
and divide it into two parts. React one part of the precipitate with 
an excess of concentrated hydrochloric acid and the other with 
a 20% sodium hydroxide solution. Explain the results. Write the 
equations of the reactions. Under what conditions does molybde- 
num(VI) oxide dihydrate form? 

2. Prepare a solution of sodium tungstate containing 0.5 g of 
the dry salt, and pour into it an equal volume of a 10% hydrochloric 
acid solution. Wash the precipitate by decantation with water 
slightly acidified with hydrochloric acid. 

What is the colour and composition of the tungsten trioxide 
hydrates? Test the reaction of tungstic acids with 10% solutions of 
alkalies and acids. 

How do the stability and acid-basic properties of the hydrates of 
chromium, molybdenum, tungsten, and uranium trioxides change? 

Salts of Molybdic and Tungstic Acids. What types of salts of mo¬ 
lybdic and tungstic acids exist? Give examples of isopoly- and het¬ 
eropoly molybdenum and tungsten compounds. What is the compo¬ 
sition of para- and metamolybdates and of para- and metatungstates? 
Which molybdates and tungstates dissolve poorly in water? 

Thiosalts and Sulphides of Molybdenum and Tungsten. Pour 2-3 ml 
of an ammonium molybdate solution into one test tube and 2-3 ml 
of a sodium tungstate solution into another one. Add 2-3 drops of 
a 25 % ammonia solution to each solution and pass a stream of 
hydrogen sulphide through them from a Kipp gas generator. What 
compounds form? Acidify the solutions with a 10% hydrochloric 
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acid solution and slightly heat them. What is the composition of 
the precipitates? Write the equations of the reactions. 

Reduction of MoIybdenum(VI) and Tungsten(VI) Compounds. 
Pour 3 ml of an ammonium molybdate solution into each of four test 
tubes, acidify with a 2 N hydrochloric acid solution, and heat up to 
boiling. Add solutions of sulphuric acid, hydrogen sulphide, and 
tin(II) chloride to three of the tubes, respectively, and throw one or 
two small pieces of zinc into the last tube. Perform similar experi¬ 
ments using sodium tungstate as the initial reactant. Write the 
equations of the reactions. 

Molybdenum and Tungsten Peroxide Compounds. Pour ammonium 
molybdate and sodium tungstate solutions into separate test tubes, 
acidify them with sulphuric acid, and add several drops of a 1 % 
hydrogen peroxide solution to each tube. How does the colour of 
the solutions change? Write the equations of the reactions. 

25.3 URANIUM COMPOUNDS 

Uranyl Nitrate. Acquaint yourself with the appearance of uranyl 
nitrate. Find the solubility products of uranyl nitrate in water and 
ether in a reference book. What is the reaction of solutions of ammo¬ 
nium sulphide, potassium hexacyanoferrate(II), and potassium 
phosphate with a uranyl nitrate solution? What is obtained? Write 
the equations of the reactions. 

Ammonium Diuranate. Pour 5 ml of a uranyl nitrate solution 
into a 50-ml beaker. Heat the solution to 80 °C and add several drops 
of a methyl orange solution to it. What causes the colour of the 
indicator to change? Carefully pour in a 10% ammonia solution 
containing no carbon dioxide dropwise until the colour of the indi¬ 
cator changes. What substance precipitates? Write the equation of 
the reaction. 

Shake the precipitate in its mother liquor and pour the suspen¬ 
sion into two test tubes. Add several drops of a 10% hydrochloric 
acid solution to one tube and a saturated ammonium carbonate 
solution to the other one. Why does the precipitate dissolve? Write 
the equations of the reactions. 

How can the formed complex compound be decomposed? What 
substances prevent the precipitation of ammonium diuranate? 

Uranium Peroxide Hydrate. Add a 3% hydrogen peroxide solu¬ 
tion dropwise to 5 ml of a 10% uranyl nitrate solution up to complete 
precipitation. Filter off the product on a small filter, wash it with 
water, and dry it in a drying cabinet at 70 °C. What is the composi¬ 
tion of the product? Test the reaction of uranium peroxide hydrate 
with 10% solutions of acids and alkalies in the cold and when heated. 

Uranium Oxides. Weigh 0.5 g of uranium peroxide hydrate in 
a crucible and heat it in a crucible furnace with constant stirring, 
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keeping the temperature below 300 °C. What changes occur when 
uranium peroxide hydrate is heated? Which uranium oxide forms? 

Divide the preparation obtained into three parts. Boil one portion 
in a test tube with water (how does the colour of the precipitate 
change?), add a dilute acid solution to the second tube, and roast 
the third one in a crucible at 800 °C. What substances are obtained? 
See how the substance formed after roasting reacts with a concentrat¬ 
ed nitric acid solution. Write the equations of the reactions. 

What other uranium oxide is known? How is it prepared? 

Uranium Compounds with Lower Oxidation States. Pour 5 ml of 
a uranyl nitrate solution into a test tube, add 1 ml of a 10% hydro¬ 
chloric acid solution, and drop one or two small pieces of zinc into the 
tube. How can the change in the solution’s colour be explained? 
Pour the solution into three test tubes. Pour a potassium perman¬ 
ganate solution dropwise into one tube. What happens? What proper¬ 
ties do uranium(lV) compounds have? 

Add a 10% alkali solution to the second tube. What do you observe? 
Add a potassium fluoride solution to the third tube. What is the 
composition of the separated compound? Write the equations of the 
reactions. 


SUPPLEMENTARY EXPERIMENTS 
AND SYNTHESES 

(Hand in all the obtained preparations to your instructor.) 

1. Preparation of Chromium. (Perform the experiment in the pre¬ 
sence of your instructor, in a fume cupboard! Wear eye protection or 
a mask!) Roast chromium(III) oxide in an iron crucible. Triturate 
potassium dichromate crystals in a mortar, melt the powder in 
a porcelain crucible with the flame of a gas burner, pour the substance 
onto a glazed tile plate, and after it solidifies again triturate it into 
a powder. Weigh 12 g of roasted chromium(III) oxide, 12 g of the 
fused potassium dichromate, and 10 g of an aluminium powder, and 
thoroughly mix all the substances in a mortar. Spill 10 g of a calci¬ 
um fluoride powder onto the bottom of a chamotte crucible, and 
then the prepared mixture. (If there is no chamotte crucible in your 
laboratory, make a box from asbestos paper in the form of a crucible 
and fasten it with wire.) Tamp the substance with a pestle and 
make a hollow in the middle using a test tube (see Fig. 120). 

Prepare an incendiary mixture by shaking 5 g of an aluminium 
powder and 15 g of barium peroxide in a jar. (Do not triturate the 
mixture in a mortar!) Spill the incendiary mixture into the hollow 
made in the reaction mass and insert a magnesium ribbon cleaned 
of oxide. Place the crucible on a pan and spill dry sand over it from 
all sides. Ignite the magnesium ribbon with a burning splinter insert- 
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ed into a long (0.5-0.8 m) glass tube, and then step away from the 
crucible. 

When the reaction ends, let the crucible cool, break it, extract the 
chromium bead, and weigh it. Determine the yield in per cent. 
Explain the course of the reaction. 

2. Properties of Chromium. Crush the chromium bead into small 
pieces in an iron mortar. Note the colour of the metal in a fresh 
fracture, and test its hardness. To do this, scratch a glass plate with 
a piece of chromium. How does a magnet act on chromium? 



Put several pieces of chromium into test tubes and test its reac¬ 
tion with water, alkalies, and also with dilute and with concentra¬ 
ted solutions of hydrochloric, sulphuric, and nitric acids (in the 
cold and with heating). Write the equations of the reactions. What 
position does chromium occupy in the electrochemical series of 
metals? 

3. Preparation of Chromium(II) Acetate. Assemble an apparatus 
as shown in Fig. 126. Fill wash bottles 2 and 3 with an alkaline 
solution of pyrogallol, and columns 4, 5, and 6 with solid granulated 
sodium hydroxide. 

Prepare amalgamated zinc. To do this, place 100 g of granulated 
zinc into a wide-neck bottle and pour over it a solution of 0.1 M 
mercury(II) chloride in a 1 A hydrochloric acid solution. Close the 
bottle with a stopper and shake the mixture for 10-15 minutes, 
after which wash the amalgamated zinc first with a large amount of 
distilled water, and then with a 1 N sulphuric acid solution. Constant- 
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ly see that the zinc remains covered with the liquid. Transfer the 
zinc treated in this way into reducer 7 containing a glass wool wad on 
its bottom. Prepare a chromium(III) chloride solution by dissolving 
30 g of chromium(III) chloride in 50 ml of dilute sulphuric acid (30 ml 
of water and 20 ml of 2 iV sulphuric acid) and pour it over the zinc. 

Fill dropping funnel 8 with a solution of 75 g of sodium acetate in 
100 ml of water. Fill the apparatus with dry nitrogen from gas 
meter 1, opening clamps 9 and 10 and closing the clamp on the rubber 
tube connecting flask 15 to a water-jet pump. Make sure that the 
nitrogen passes through wash bottles 17 and 18 filled with vase¬ 
line oil. 

After the colour of the solution in reducer 7 has changed from 
green to bright light blue (1.5 to 2 hours), close clamp 9, leaving 
clamp 10 open. Simultaneously add solutions of chromium(II) 
chloride and sodium acetate to vessel 11 from reducer 7 and dropping 
funnel 8, switching on mechanical mixer 12. 

When precipitation terminates, close clamp 10, open clamps 9 
and 13, and transfer the contents of vessel 11 into Buchner funnel 14 
(with a filtering bottom). Switch on the water-jet pump and produce 
a small vacuum in flask 15. Rinse the precipitate on the filter sev¬ 
eral times with ethanol, feeding it from dropping funnel 16, and three 
times with ethyl ether. When rinsing the product the last time, 
disconnect the system from the water-jet pump, remove the stopper 
from the Biichner funnel, and thoroughly mix the precipitate with 
ether using a glass rod. Next suck off the ether by again connecting 
the system to the pump, transfer the precipitate to filter paper, and 
dry it in the air. 

Transfer the dry chromium(II) acetate into a drawn out test tube 
and seal it (wear eye protection!). Weigh the ampoule with the sub¬ 
stance and the remaining part of the tube, and calculate the yield 
in per cent. 

4. Preparation of Chromium(III) Chloride Hydrate. Dissolve 
chromium hydroxide in concentrated hydrochloric acid, taking 35 ml 
of the acid for every 10 g of chromium(III) oxide contained in the 
hydrate. Write the equation of the reaction. Filter the solution, 
evaporate it on a water bath up to a syrupy consistence, pour it 
into a beaker, and, cooling with ice, saturate with dry hydrogen 
chloride. The tube supplying the hydrogen cloride should terminate 
in an expanding part in the form of a funnel immersed only up to 
1-2 mm into the solution. Continue saturation until the solution 
becomes viscous owing to the precipitated crystals. Let the mixture 
stand in a refrigerator for 24 hours to complete crystallization. 
Filter off the formed crystals on a Buchner funnel without washing 
and dry them at 30-40 °C. What is the composition of the crystals? 
Describe their appearance. Calculate the yield in per cent. Store the 
product in a jar with a ground-glass stopper. 
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5. Preparation of Anhydrous Chromium (III) Chloride. ( Perform, 
the experiment in a fume cupboard!) Grind 5 g of charcoal into 
a fine powder in a mortar, mix it with 12.5 g of chromium(III) oxide, 
add a thick starch size or a dextrin solution in cold water, and make 
beads about 5 mm in diameter from the mixture. Put the beads onto 
a clay dish and dry them in a drying cabinet at 110-120 °C. Next put 
them into an iron crucible, cover them with the charcoal powder and 
a lid, and roast them. 

Assemble an apparatus (see Fig. 61). Place the dry beads into 
a porcelain or quartz tube and perform chlorination at 750-800 °C 
during one hour. Chromium(III) chloride can sublime, therefore 
see that the tube outlet is not clogged by the product. Cool the appa¬ 
ratus in a stream of chlorine. Extract the beads from the tube and 
mechanically separate the chromium chloride formed on their surface 
from the unreacted charcoal. In what other ways can anhydrous 
chromium(III) chloride be obtained? 

Put several chromium(III) chloride crystals into a test tube with 
water. Does the salt dissolve? Add a little of a solution of a chro- 
mium(II) or iron(II) salt. What do you observe? 

6. Preparation of Chromium(III) Nitride. (Work in a fume cup¬ 
board!) Assemble an apparatus for preparing nitrides (see Fig. 84). 
Put 0.5-1 g of anhydrous chromium(III) chloride into a boat. Put the 
latter into a tubular furnace. Displace the air from the apparatus 
with a stream of dry ammonia and then heat the furnace to 600 °C. 
Continue the heating in an ammonia stream for one hour, next switch 
off the furnace and cool the apparatus without stopping the stream of 
gas. Extract the boat and weigh the product. Write the equation of 
the reaction. Calculate the yield in per cent. 

Test how chromium nitride reacts with water and with an alkali 
solution in the cold and with heating. Roast part of the nitride in 
a porcelain crucible on the flame of a burner. Identify the pro¬ 
duct. 

7. Preparation of Chromium(III) Sulphide. (Work in a fume cup¬ 
board!) Assemble an apparatus (see Fig. 115, replace the burner 
with a tubular furnace, pour distilled water into wash bottle 1, and 
replace wash bottle 2 with a column containing phosphorus(V) oxide). 
Take a Kipp gas generator charged for producing hydrogen sulphide. 
Put 0.5-1 g of anhydrous chromium(III) chloride into a boat. Displace 
the air from the apparatus with a stream of dry hydrogen sulphide 
(how can you make sure that this has been done?) and heat the 
furnace to 400-500 °C. Absorb the excess hydrogen sulphide with 
a copper sulphate solution. Heat at this temperature for one hour, 
next switch off the furnace and cool the apparatus in a stream of hydro¬ 
gen sulphide. Write the equation of the reaction. Weigh the product. 
Calculate the yield in per cent. 

Put a part of the chromium sulphide into a test tube, pour in water. 
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and heat it. What gas evolves? How does the colour of the prepara¬ 
tion change? 

8. Preparation of Potassium Trioxalatochromate(III). Dissolve 3 g 
of potassium oxalate and 7 g of oxalic acid in 100 ml of water. Add 
2.5 g of potassium dichromate to the solution in small portions with 
strong agitation. When the reaction terminates, evaporate the solu¬ 
tion until almost dry and let it stand for crystallization. Filter off the 
precipitated crystals and examine them in transmitted and reflected 
light. Write the equation of the reaction. 

9. Preparation and Properties of Chromyl Chloride, a. Put a mix¬ 
ture of 1 g of sodium chloride with 1 g of potassium dichromate into 
a dry test tube, add a few drops of concentrated sulphuric acid, and 
close the tube with a stopper provided with a gas-discharge tube. 
Lower the other end of the latter into another dry test tube submerged 
in a beaker with cold water. Slightly heat the reaction mixture. What 
collects in the receiver? Write the equations of the reactions. 

b. Assemble an apparatus (see Fig. 104). Put sodium chloride into 
the Wurtz flask, and pour 70 % and concentrated sulphuric acid into 
the dropping funnel and wash bottles, respectively. Put a small amo¬ 
unt of chromic anhydride into the widened part of the tube. Cool the 
receiver—the Wurtz test tube—with water and ice. Pour an amount 
of water into the beaker such that the offtake provided with a fun¬ 
nel does not submerge into the water. Pass a stream of dry hydrogen 
chloride through the apparatus. What do you observe? Write the 
equation of the reaction. (Never seal chromyl chloride in an ampoule!) 

Pour two or three drops of the product into a beaker with water. 
What is observed? Establish what ions are present in the solution. 
Write the equations of the reactions. What class of chemical com¬ 
pounds does chromyl chloride belong to? 

10. Preparation of Potassium Chlorochromate. Introduce 2 g of 
powdered potassium dichromate into 4 ml of a hot 25 % hydrochloric 
acid solution. Slightly heat the mixture. Write the equation of the 
reaction. What can happen if the mixture is heated for a long time? 

Filter the solution on a funnel for hot filtration and let it stand up 
to your next lesson. Filter off the formed crystals on a glass filter. 
Pay attention to the shape of the crystals and compare them with 
potassium dichromate crystals. Dissolve a small part of the crystals 
in water and establish what ions are present in the solution. What 
properties does potassium chlorochromate exhibit? What class of 
chemical compounds does it belong to? 

11. Preparation of Chromium(VI) Oxysulphate. (Perform the 
experiment in a fume cupboard!) a. Preparation of Chromyl Chloride. 
Assemble an apparatus as shown in Fig. 127a. Dry 12.5 g of sodium 
chloride and 20 g of potassium dichromate in a drying cabinet at 
100-120 °C. Rapidly mix them in a mortar and put the mixture into 
flask 1. Add 22 ml of a 98% sulphuric acid solution to the reaction 
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mixture from dropping funnel 2. When the reaction, which first pro¬ 
ceeds violently, slows down, heat flask 1. Stop heating it when the 
evolution of the chromyl chloride terminates. Dissolve the chromyl 
chloride in the receiver flask in 15 ml of sulphuryl chloride. Close the 




Fig, 127. Apparatus for preparing chromium(VI) oxysulphate 

flask with the solution using a stopper with a ground-glass joint and 
keep it for the following experiment. 

b. Preparation of a Sulphur Trioxide Solution in Sulphuryl Chloride. 
Assemble an apparatus as shown in Fig. 1275. Thoroughly dry all the 
parts of the apparatus and lubricate the ground-glass joints with 
concentrated sulphuric acid. 
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Pour 15 ml of sulphuryl chloride into flask 2 and weigh it together 
with its stopper. Pour 50 ml of oleum into flask 1. Heat the latter in 
a sand bath and carefully distil off sulphur trioxide. Control the 
amount of distilled trioxide by weighing. When 12 g of sulphur 
trioxide are collected in flask 2, cool the apparatus and disassemble 
it. 

Do not wash the apparatus with water! Carefully pour out the excess 
oleum into a jar with a 70% sulphuric acid solution. Rinse the 
parts of the apparatus with a sulphuric acid solution, gradually 
lowering its concentration. 

c. Preparation of Chromium(VI) Oxysulphate. Assemble an appara¬ 
tus as shown in Fig. 127c. Pour a solution of chromyl chloride in 
sulphuryl chloride into flask 1. Switch on the mixer and add the 
solution of sulphur trioxide in sulphuryl chloride to the reaction 
flask from funnel 2 dropwise. Filter off the precipitate in a stream 
of nitrogen (see Fig. 64 b) and wash it twice on the funnel with 10-ml 
portions of sulphuryl chloride. Transfer the chromium(VI) oxysul¬ 
phate into a weighed weighing bottle with a good ground-glass lid, 
weigh it, and calculate the yield in per cent. 

12. Preparation and Properties of Molybdenum (Tungsten), a. As¬ 
semble an apparatus for preparing metals by reducing their oxides 
with hydrogen (see Fig. 115; replace the burner with a tubular 
furnace). Thoroughly check the tightness of the apparatus. Weigh 
about 1 g of molybdic (tungstic) anhydride in a boat and place it 
into a quartz tube. Check the tightness of the apparatus again. 
Fill the apparatus with hydrogen, check the purity of the latter, 
and only after this has been done switch on the furnace. Perform 
reduction at 800-900 °C in a stream of dry hydrogen. When the 
reduction process has terminated (how can this be established?)* 
cool the apparatus in a stream of hydrogen. 

b. Test the reaction of the metal with 10% and concentrated 
solutions of alkalies and acids in the cold and with heating. 

c. Assemble an apparatus as shown in Fig. 128. Put 0.1 g of the 
freshly reduced molybdenum into a boat and place the latter into the 
reaction tube, inclining the latter in the stand as shown in the 
figure. Heat the flask with water up to boiling and while passing 
steam through the apparatus, heat the part of the tube where the boat 
is with a burner. Put the receiver test tube over the end of the gas- 
discharge tube and when it is filled with a gas, replace it with 
another one. Establish what gas has been collected in the test tubes. 
What substance has been obtained in the boat? Write the equations 
of the reactions. 

13. Preparation of Molybdenum(VI) Oxide, a. Preparation of 
Molybdenum(VI) Oxide by the Thermal Decomposition of Ammonium 
Molybdate. Put a boat with 0.5 g of ammonium molybdate into 
a porcelain tube in an electric furnace. Connect one end of the 
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tube via an empty wash bottle to a water-jet pump, and the second 
end of the porcelain tube to a wash bottle containing vaseline oil. 
Switch on the water-jet pump, the electric furnace, and roast the 
ammonium molybdate in a stream of air first at 350-400 °G (30 min), 
and then at 750 °C (about an hour). 

Why is the ammonium molybdate roasted in a stream of air and 
at two different temperatures? 

Cool the apparatus in a stream of air and extract the product 
rom the tube. What is its appearance? Test the reaction of the 



sublimed oxide with water and also with 10 % solutions of hydro¬ 
chloric acid and sodium hydroxide. Write the equations of all the 
reactions. 

b. Preparation of Molybdenum (VI) Oxide by Oxidizing a Molybde¬ 
nite in a Fluidized Bed. Assemble an apparatus (see Fig. 121). Put 
20 g offmolybdenite ground in a mortar onto porous partition 2 of 
quartz reactor 1. Pass a stream of dry air via tube 3 (bottle 4 remains 
empty) at such a velocity that a “flame” of molybdenite appears at 
a distance of 30-50 mm from the edge of the horizontal bend of the 
reactor. Switch on furnace 5 and raise the temperature in the reactor 
to 600 °C. 

After complete oxidation of the taken amount of molybdenite, 
switch off the furnace and cool the apparatus in a stream of air. Discon¬ 
nect receiver 6 from the apparatus and extract the sublimed molyb- 
denum(VI) oxide crystals from the receiver, and also from the 
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horizontal bend of the reactor. Weigh the substance. Calculate the 
yield in per cent. 

14. Preparation of Sodium Paramolybdate. Pour 20 ml of a sodium 
molybdate solution into a 100-ml beaker. Heat the solution and 
introduce freshly precipitated molybdic acid into it in small por¬ 
tions with stirring until it stops dissolving. Filter the solution and 
evaporate it in a water bath until crystallization of a sample taken 
begins. 

Examine the crystals under a microscope and compare them with 
crystals of the initial sodium molybdate. Cool the solution and 
filter off the product. What is its composition? 

Pour the mother liquor into a number of test tubes and add a solu¬ 
tion of a calcium, aluminium, or iron salt to each of them. What do 
you observe? Write the equations of the reactions. What is the 
composition of commercial ammonium molybdate? 

15. Preparation of Normal Ammonium Tungstate. Weigh 0.5 g 
of tungstic acid in a test tube, put the latter into a cooling mixture 
(solid carbon dioxide with acetone), and pour in 1-2 ml of liquid 
ammonia. Stir the contents of the test tube with a cooled glass rod and 
let the ammonia evaporate. Examine the precipitated crystals under 
a microscope. What is the composition of the product? 

16. Preparation of Sodium Paratungstate. a. Pour 20 ml of a 50% 
sodium hydroxide solution into a 100-ml porcelain beaker provided 
with a mechanical mixer, put the beaker on a water bath, and intro¬ 
duce the calculated amount of a freshly precipitated wet suspension 
of tungstic acid in small portions while vigorously stirring. At the 
end of the reaction, the pH of the solution should be 6-6.5. Filter 
the solution, evaporate it a little, and let it stand for 24 hours. 
Separate the formed crystals by filtration and dry them in the 
air. 

b. Heat a solution of normal sodium tungstate dihydrate contain¬ 
ing 17 g of the salt in 20 ml of water to 80 °C and add 5 N hydrochlo¬ 
ric acid to it in small portions until the pH becomes equal to 6-6.5 
(about 1.2 mol of acid per 1 mol of sodium tungstate). Heat the solu¬ 
tion during an hour in a water bath. After filtration, let the solution 
stand for a day. Separate the precipitated crystals by filtration and 
dry them in the air. Examine the shape of the sodium paratungstate 
crystals under a microscope. Write the equations of the reactions. 

17. Preparation of Sodium Metatungstate. Place a porous clay 
cylinder playing the role of a diaphragm and anode vessel into 
a thick-walled glass beaker (Fig. 129). Pour 300 ml of a 0.1 N sodium 
hydroxide solution into the glass beaker, and a solution containing 
23.5 g of sodium tungstate in 100 ml of water into the inner cylinder. 
Lower a glass mixer into the anode compartment. A platinum plate 
is the anode. Use a nickel electrode in the form of a band encircling 
the diaphragm as the cathode. 
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Connect the electrolyzer to a d-c source at 6-7 V. Use rheostats R t 
and R 2 to set a current of about 5 A. 

Conduct electrolysis until the pH of the solution in the anode 
compartment becomes equal to 3; take samples every hour. Check 
the completeness of converting the tungstate into the metatungstate 
by means of the Scheele reaction. To do this, add 1 ml of con¬ 
centrated hydrochloric acid dropwise to 5 ml of a sample. The absence 



Fig. 129. Electrolyzer for preparing sodium metatungstate 

of a precipitate (of what composition?) indicates that the sodium 
metatungstate has been converted completely. 

Write the equations of the reactions occurring in the anode and 
cathode compartments, and also of the Scheele reaction. Transfer the 
anolyte and catholyte into different vessels. After the anolyte cools, 
check the pH of the solution again. 

Evaporate the anolyte in a water bath up to one-fourth of its 
initial volume. Put the solution for crystallization into a desiccator 
over an alkali. Perform crystallization as completely as possible, 
but so that the mother liquor remains. Separate the crystals from 
the mother liquor by decantation, dry them in the air with filter 
paper, and weigh them. Calculate the yield in per cent. 

18. Preparation of Tungsten Bronzes. Replace the burner with 
a tubular furnace in an apparatus for reducing metal oxides with 
hydrogen (see Fig. 115). Put 0.3-0.5 g of sodium ditungstate into 
the reaction tube in a boat. Check the tightness of the apparatus and 
fill it with hydrogen. Check the purity of the hydrogen and switch 
on the furnace. Maintain a temperature of 550 °C during one hour. 
Cool the reaction tube in a stream of hydrogen. What is the colour 
of the product? 

Perform a similar experiment with sodium para tungstate, keeping 
the temperature within 600 °C. What properties do tungsten bronzes 
exhibit? Where are they employed? 
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19 . Preparation of Potassium Hexachloromolybdate(III). (Perform 
the experiment in a fume cupboard!) Dissolve 50 g of molybdic anhyd¬ 
ride in 250 ml of concentrated hydrochloric acid. Spill the molyb- 
denum(VI) oxide into the beaker in small portions as it dissolves 
during 6 hours. If the solution is turbid, filter it through a glass 
filter (prepare the solution beforehand). 

Transfer the solution into thick-walled glass beaker 1 containing 
porous clay cylinder 2 that functions as a diaphragm and anode ves¬ 
sel (Fig. 130). Fill the anode compartment with 12 N hydrochloric 



acid so that graphite anode 4 is submerged half way in the acid. 
Keep the level of the acid constant during the electrolysis. Plati¬ 
num wire (or plate) 3 is the cathode. Pass carbon dioxide into the 
anolyte. 

Connect the electrolyzer to a d-c source at about 2 V. Use rheostats 
f? 1 and i? 2 to set a current of about 5 A. The current density during the 
electrolysis must remain constant and be 0.07 A/cm 2 . Perform the 
electrolysis until a sample of the solution diluted with water be¬ 
comes red (in about eight hours). Write the equations of the reactions 
proceeding in the cathode and anode compartments. 

Pour the solution obtained in reduction into a conical flask pre¬ 
liminarily filled with carbon dioxide and heat the reaction mixture in 
a stream of carbon dioxide in a water bath during an hour. Introduce 
35 g of potassium chloride into the hot solution in small portions and 
evaporate the solution up to one-third of its volume. Close the flask 
with a rubber stopper and let it stand in the cold overnight. 
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Separate the formed crystals using a glass funnel with a filtering 
bottom. Wash them on the filter with absolute ethanol and dry them 
in a desiccator over phosphorus(V) oxide. Weigh the substance and 
calculate the yield in per cent. 

20. Preparation of Molybdenum Pentachloride and Tungsten 
Hexachloride. (Perform the experiment in a fume cupboard !) Assemble 
an apparatus as shown in Fig. 131. Pour a little concentrated sul¬ 
phuric acid into wash bottles 7, 2, and 3. Put a layer of glass wool 



Fig. 131. Apparatus for preparing molybdenum pentachloride and tungsten 
hexachloride 


with phosphoric anhydride into U-tube 4. Weigh 0.5 g of the reduced 
molybdenum (tungsten) and put it into the first widened part of 
reaction tube 5. Fill the apparatus with dry carbon dioxide. Next, 
while heating the place of the tube where the molybdenum is with 
the flame of a burner, pass a stream of dry hydrogen chloride through 
the apparatus. This is needed to distil off the oxychlorides formed from 
the oxides contained in an insignificant amount in the powdered 
metal. Distil off the oxychlorides to the end of the reaction tube. 
Prevent clogging of the tube outletJ 

Fill the apparatus with chlorine and perform chlorination of the 
molybdenum, heating the place of the tube where the metal is with 
the flame of a burner to 200-300 °C. What colour do molybdenum 
pentachloride and tungsten hexachloride have? If oxychlorides are 
produced together with the molybdenum(V) or tungsten(VI) chlo¬ 
rides, distil them off in a chlorine stream. Transfer the product into 
a weighed test tube with a stopper, weigh it, and hand it in to your 
instructor. Calculate the yield in per cent. 

Test the reaction of molybdenum pentachloride (tungsten hexa¬ 
chloride) with water. What is observed? What class of chemical com¬ 
pounds should the molybdenum and tungsten chlorides be relat¬ 
ed to? 
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21. Preparation of Molybdenum(III) Bromide. (Perform the exper¬ 
iment in a fume cupboard!) Assemble an apparatus as shown in 
Fig. 132 and check its tightness. Put 2-3 g of reduced molybdenum 
into a wide refractory Wurtz test tube. Calculate the amount of 
bromine needed for the bromination of the taken amount of metallic 
molybdenum. Pour the bromine into the dropping funnel, taking an 
excess of 20%. 

Fill the apparatus with carbon dioxide dried by passing it con¬ 
secutively through two wash bottles with sulphuric acid and a column 
with phosphorus(V) oxide. Raise 
the temperature in the furnace 
to 350-370 °C and, without stop¬ 
ping the carbon dioxide stream, Dry co 2 
add bromine dried over phos¬ 
phoric anhydride dropwise at a rate 
such that all of it enters into the 
reaction. Transfer the preparation 
to a weighed weighing bottle and 
thoroughly close it. Weigh the 
bottle with the substance. Calcu¬ 
late the yield in per cent. 

22. Preparation of Uranium (IV) 

Fluoride. (Perform the experi¬ 
ment in a fume cupboard!) Assemble 
an apparatus as shown in Fig. 133. 

Fill columns 2 and U-tube 4 with Fi m Apparatus for preparing 
a mixture of glass wool and phos- molybdenum(III) bromide 
phoric anhydride. Put an empty 

graphite boat into quartz tube 3 

and heat it in a nitrogen stream at 400 °C up to a constant mass. 
Weigh 6 g of uranium(VI) oxide in a graphite boat and place the lat¬ 
ter into tube 3. While passing a stream of nitrogen through the appa- 



Fig. 133. Apparatus for preparing uranium tetrafluoride 


ratus, keep the substance at 300 °C for an hour. Raise the furnace 
temperature to 400 °C. Stop the nitrogen stream and pass Freon-12 
through the system from a cylinder via a reducer during two hours. 
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Freon is the trade name for mixed methane and ethane fluorochlorides, 
for example, Freon-12 is CF 2 C1 2 (b.p. = — 30 °C). 

Cool the apparatus in a stream of dry nitrogen. Remove the boat 
with the substance from the tube. After cooling it in a desiccator 
to room temperature, weigh in on an analytical balance. Use the 
change in the weight to determine whether the reaction has proceeded 
to the end. If it hasn’t, repeat the fluorination, heating the tube for 
one hour. Weigh it again. Place the obtained uranium tetrafluoride 
in a weighing bottle and hand it in to your instructor. 

23. Preparation of Uranium(IV) Chloride. {Perform, the experi¬ 
ment in a fume cupboardl) a. Assemble an apparatus as shown in 
Fig. 134. To purify the hydrogen more completely from impurities, 



Fig. 134. Apparatus fo preparing uranium tetrachloride 


pass it consecutively through wash bottles 2 with an acidified potas¬ 
sium permanganate solution, tube 3 with reduced copper heated by 
an electric furnace (600 °C), wash bottles 4 with a 96 % sulphuric 
acid solution, and through column 5 filled with a mixture of glass 
wool and phosphorus(V) oxide. 

Place 3 g of uranium(VI) oxide in a porcelain boat into quartz 
tube 8. Check the tightness of the apparatus. Displace the air from 
the system with hydrogen, passing it through the cold apparatus 
including flask 7. Collect the hydrogen over water and check its 
purity. Having made sure that the hydrogen is pure, turn cock 6 
and direct the hydrogen stream into quartz tube 8, bypassing flask 
7 with carbon tetrachloride. Switch on the heating of tubes 3 and 8 
and perform reduction of the uranium(VI) oxide during three hours 
at 500 °C. 

After this, switch off the Kipp gas generator by turning cock 1 
and connect a gas meter with nitrogen. Displace the hydrogen from 
the apparatus with nitrogen and lower the furnace temperature 
to 450 °C. Turn cock 6 so that a weak stream of nitrogen will entrain 
the carbon tetrachloride vapour (heat the flask with a water bath) 
when flowing into tube 8. Perform chlorination during three hours, 
after which, without stopping the nitrogen flow, cool the apparatus 
to room temperature. 

Extract the boat with the substance from the quartz tube. Trans¬ 
fer the preparation into a weighed weighing bottle (in a dry cham- 
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ber or a large desiccator filled with dry carbon dioxide). Weigh the 
substance and calculate the yield in per cent. 

b. Active uranium(IV) oxide, which is the initial substance for 
preparing uranium tetrachloride, can also be obtained by decom¬ 
posing uranyl oxalate trihydrate. In this case, exclude the Kipp gas 
generator from the apparatus. Put 5 g of uranyl oxalate trihydrate 
in a porcelain boat into quartz tube 8. Displace the air from the sys¬ 
tem with a stream of nitrogen and then, without stopping the sup¬ 
ply of nitrogen, slowly raise the temperature of the furnace to 
450 °C and maintain it for two hours, after which feed carbon tetra¬ 
chloride vapour into the reaction tube. 


MANGANESE 

Write the electron configuration of the manganese atom. Give exam¬ 
ples of compounds corresponding to the different oxidation states of 
manganese. Indicate the position of manganese in the electrochemical 
series of the metals. How does it react with water, and with solu¬ 
tions of acids in the cold and with heating? Write the equations of 
the relevant reactions. 

26.1 MANGANESE (II) AND MANGANESE (IV) 

COMPOUNDS 

Manganese(II) Hydroxide. 1. Take manganese(II) chloride as the 
starting substance, prepare the hydroxide, study its properties, 
namely, its reaction with oxygen, air, acids, and alkalies. 

2. Add bromine water to a small amount of the precipitate. 
What is formed? What properties does manganese(II) hydroxide 
have? Write the equations of the reactions. 

Properties of Manganese(II) Salts. 1. Add an ammonium sulphide 
solution to a solution of a manganese(II) salt. What substance pre¬ 
cipitates? How does the colour of the precipitate change when left in 
the air? Write the equations of the relevant reactions. 

2. Add one drop of a silver nitrate solution and several ammonium 
persulphate crystals to a manganese sulphate solution acidified with 
sulphuric acid, and then heat the mixture. How does the colour of 
the solution change? What was the role of the silver nitrate? What 
properties do manganese (I I) salts have? 

Manganese(IV) Oxide. How can manganese(IV) oxide be prepared? 
What substances can be prepared when roasting manganese(IV) 
oxide depending on the temperature? What forms when manganese (IV) 
oxide reacts with concentrated solutions of sulphuric and hydrochlor¬ 
ic acids? Write the equations of the reactions. 
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26.2 MANGANESE(VI) AND MANGANESE(VII) 

COMPOUNDS 

Preparation of Potassium Manganate. Melt a mixture of 1 g of 
potassium hydroxide, 2 g of potassium carbonate, and 3 g of potas¬ 
sium nitrate in an iron crucible on a gas burner. While stirring 
the liquid mixture with an iron wire, add 1 g of powdered manga¬ 
nese (IV) oxide in small portions. Continue the heating while stirring 
until the substance becomes thick. After it cools, treat the melt in 
the crucible with a small amount of water. Pour off the transparent 
solution into a small flask and close it with a stopper; keep the 
substance remaining in the crucible for the following experiment. 
What is the colour of the solution? What substance colours it? 
Write the equation of the reaction. 

Properties of Manganates. 1. Pour 1 ml of the prepared potas¬ 
sium manganate solution into each of two test tubes, greatly dilute 
the solution in one tube with water, add 2-3 ml of water to the 
other tube and pass a stream of carbon dioxide through it. How 
and why does the colour of the solution in both cases change? Write 
the equations of the relevant reactions. 

2. Add a few drops of ethanol to a potassium manganate solution 
and carefully heat it. What happens? Write the equation of the 
reaction. 

3. Heat 1-2 ml of an oxalic acid solution up to boiling and add 
a potassium manganate solution. How does the colour of the solution 
change? Write the equation of the reaction. 

4. Pour a part of the potassium manganate solution into a small 
beaker and add a saturated barium chloride solution to it up to com¬ 
plete precipitation. What precipitates? 

Properties of Permanganates. 1. Put several potassium permanga¬ 
nate crystals into a test tube and heat them. What gas evolves? 
Write the equation of the reaction. 

2. Add a little alkali and a little glucose solution to several drops 
of a concentrated potassium permanganate solution. Heat the test 
tube. How does the colour of the solution change? Write 4 the equa¬ 
tion of the reaction. 

3. Add solutions of potassium sulphide and iodide to small 
amounts of a potassium permanganate solution in separate test tubes. 
Heat the solutions. How does their colour change? What precipi¬ 
tates? Write the equations of the reactions.] 

4. Pour 0.5-1 ml of a potassium permanganate solution into each 
of three test tubes, acidify with sulphuric acid, and add solutions 
of iron(II) sulphate, hydrogen sulphide, and sulphurous acid to 
them, respectively. How does the solution’s colour change? Write 
the equations of the reactions. 
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How does the medium affect the nature of reduction of the perman¬ 
ganate in an aqueous solution? Compare the values of the standard 
electrode potentials of the permanganate ion in an acid and neutral 
media (see Appendix 1, Table 21). 

5. Add a potassium permanganate solution dropwise to a manga¬ 
nese sulphate solution in a test tube. What occurs? Write the equa¬ 
tion of the reaction. 

Preparation and Properties of Manganic Anhydride. ( Perform the 
experiment in a fume cupboard, in the presence of your in¬ 
structor!) 1. Triturate several potassium permanganate crystals into 
a powder and spill it into a small porcelain bowl. Use a pipette or 
glass tube to wet the salt with a few drops of a 96 % sulphuric acid 
solution. What forms? 

2. Wet the end of a glass rod with the prepared mixture and bring 
it up to ethyl ether poured into a porcelain bowl. What happens? 

You can light an alcohol burner with alchohol in the same way. 
Never repeat the experiment using the same rod! 

Write the formulas of all the manganese oxides and compare 
their properties. How and why do the properties change in the series 
of manganese hydroxides corresponding to its different oxidation 
states? Which of the manganese hydroxides are unstable in air? 

Which elements are analogues of manganese? Give a general char¬ 
acteristic of the elements of the manganese subgroup. 


SUPPLEMENTARY EXPERIMENTS 
AND SYNTHESES 

(Hand in all the obtained preparations to your instructor.) 

1. Preparation of Manganese by the Aluminothermic Process. 
{Perform the experiment in the presence of your instructor!) 
Put 20 g of finely comminuted manganese(IV) oxide into a porcelain 
crucible and roast it in a muffle or crucible furnace at 800 °G during 
an hour. What forms? Why is manganese(IV) oxide not used di¬ 
rectly for producing metallic manganese by the aluminothermic 
process? 

Thoroughly mix the product of roasting with 5 g of aluminium shav¬ 
ings in a porcelain mortar. Put the mixture into a chamotte cru¬ 
cible surrounded with dry sand (in a fume cupboardl). If there is no 
chamotte crucible in your laboratory, make a box from asbestos pa¬ 
per in the form of a crucible and fasten it with wire. Add 10 g of an 
incendiary mixture (see p. 202) to the crucible, insert a magnesium 
ribbon, and ignite it with a burning splinter inserted into a long 
glass tube (see Fig. 120). After cooling the crucible, break it, free 
the metal bead of slag, weigh it, and keep it for further experiments. 
•Calculate the yield in per cent. 
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Properties of Manganese. Break up the manganese bead with 
a pestle in a steel mortar or with a hammer. Give attention to the 
brittleness of the metal, note its colour in a fresh fracture, test it 
with a magnet, see how it reacts with water, an alkali solution, and 
also with dilute and concentrated solutions of hydrochloric, sulphu¬ 
ric, and nitric acids (in the cold and with heating). Write the equa¬ 
tions of the reactions. 

2. Preparation of Manganese Chloride in an Ethanol Solution. 
Assemble an apparatus (see Fig. 116), replacing dropping funnel 2 
with a gas-supply tube. Put 3 g of small pieces of metallic manganese 
and 100 ml of absolute ethanol into flask 1. Switch on the mixer. 
Cool the flask with dry ice and saturate the ethanol with thoroughly 
dried hydrogen chloride (about one or two hours). Stop the cooling 
and retain a weak stream of the hydrogen choride. If the reaction 
slows down, immerse the flask into a water bath (50-60 °C). 

Separate the solution from the unreacted metal by decantation. 
Transfer the solution into a wide test tube (see Fig. 118). Distil off 
the ethanol in a vacuum produced by a water-jet pump while care¬ 
fully heating the test tube in a beaker with boiling water. What crys¬ 
tallizes in the tube? 

Perform desolvation of the manganese chloride in a vacuum produced 
by a water-jet pump while carefully heating the test tube with 
the flame of a burner. Transfer the product into a weighed weighing 
bottle, weigh it, and calculate the yield in per cent. 

3. Preparation of Manganese Oxalate. Prepare 5 ml of a potas¬ 
sium permanganate solution saturated at 60 °C and 7.5 ml of an 
oxalic acid solution saturated at the same temperature. Transfer 
the latter solution into a flask for suction, acidify it with acetic 
acid, and add the potassium permanganate solution to it. What 
happens? Write the equations of the reactions. Close the neck of the 
flask with a stopper, and fit a rubber tube closed with a rod onto the 
offtake opening. When the precipitate coagulates, open the offtake 
opening, partly open the stopper, and carefully pour the liquid off 
the precipitate. Next add a triple amount (by volume) of distilled 
water to the precipitate, shake it, and again close the opening. Rinse 
the precipitate three times by decantation. 

Filter off the rinsed precipitate on a Buchner funnel and dry it at 
a temperature not exceeding 100 °C. What is produced if the salt is 
roasted without the access of air? 

4. Preparation of Manganese(II) Oxide. Dehydrate 1 g of manga¬ 
nese oxalate by heating in a porcelain bowl at not over 200 °C. 
Transfer the salt into a porcelain boat and roast it in a tubular fur¬ 
nace in a stream of dry hydrogen at 300-400 °C (see Fig. 115). Prelim¬ 
inarily check the tightness of the apparatus and the purity of the 
hydrogen! 

When the hydrogen evolving from the tube contains no carbon dio- 
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xide (how can this be checked?), switch off the furnace and cool the 
preparation in a stream of hydrogen. Remove the boat from the tube, 
spill out its contents onto hot asbestos, and see what happens to 
the preparation in the air. Write the equations of the reac¬ 
tions. 

5. Preparation of Sodium Manganate(V). Put 2 g of finely pow¬ 
dered potassium permanganate, 50 ml of a 28% sodium hydroxide 
solution, and 3.5 g of thoroughly triturated sodium sulphite hepta- 
hydrate into a 200-ml beaker. Place the latter in a bath with a mix¬ 
ture of ice and sodium chloride. Stir the reaction mixture while cool¬ 
ing it until it transforms into a homogeneous light-blue crystalline 
substance. Filter it off on a glass filter No. 3 (400 mesh). Wash the 
precipitate on the filter with a 28% sodium hydroxide solution 
cooled to 0 °G and then with a small amount (15-20 ml) of ethanol 
cooled to —10 °C. 

Transfer the crystals into a previously weighed weighing bottle, 
weigh it, and calculate the yield. 

Dissolve a small amount of the salt in a 50% potassium hydroxide 
solution. What do you observe? Write the equation of the reaction. 

6. Preparation of Sodium Manganate(VI) by the Solid-Phase 
Reaction of Manganese Dioxide with Sodium Peroxide. Pour 15- 
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Fig 135, Apparatus for preparing sodium manganate(VI) 


20 ml of dry carbon tetrachloride into a thoroughly dried weighing 
bottle. Put about 4 g of sodium peroxide under the carbon tetrachlor¬ 
ide layer and weigh the bottle with an accuracy up to 0.1 g. Calcu¬ 
late the amount of manganese dioxide needed for complete reaction 
with the sodium peroxide and weigh it with the same accuracy. 

Transfer both compounds into a porcelain mortar with dry carbon 
tetrachloride (about 20 ml). Rinse the walls of the weighing bottle 
that contained the sodium peroxide with a small amount of carbon 
tetrachloride (2-3 ml) and add this solution to the reaction mixture. 

Place the mortar into a water bath'(ire a fume curboardX). When 
the solvent boils, thoroughly grind the mixture with the pestle of 
the mortar during 30 minutes. Transfer the obtained paste into a test 
tube with an offtake (Fig. 135a) and connect it via a drying system 
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to a water-jet pump. While heating in the water bath, pump out the 
carbon tetrachloride remaining in the mixture during an hour. 

Disconnect the apparatus from the water-jet pump and pass nitro¬ 
gen (or argon) over the reaction mixture (Fig. 1355) after purifying 
it from oxygen by passing it through wash bottles containing an al¬ 
kaline solution of pyrogallol. Put the vessel into a crucible furnace. 
Slowly raise the temperature in the furnace to 450 °G and hold the 
reaction mixture under these conditions for 1.5 hours. 

The reaction has proceeded to the end if a sample of the formed 
dark green, almost black, sodium manganate dissolves completely 
in water. 

7. Preparation of Potassium Permanganate by the Hydrolysis of 
Potassium Manganate. Triturate the potassium manganate remain¬ 
ing in the crucible (see “Preparation of Potassium Manganate”, 
p. 236) in a mortar, transfer it into a flask, add 100 ml of water, and 
boil it, passing a stream of carbon dioxide through the flask, until 
the liquid acquires a crimson colour. Let the solution settle, and 
then filter it through a funnel with a glass filter. What remains on 
the filter? Evaporate the solution in a water bath until crystalliza¬ 
tion begins and cool it. Filter oB the precipitated crystals and dry 
them. Write the equations of the reactions. How is potassium per¬ 
manganate produced in the industry? 

8. Preparation of Potassium Permanganate by the Anode Oxida¬ 
tion of Manganese. Assemble an electrolyzer (see Fig. 130). Use an 
iron wire as the cathode and immerse it into the porous clay vessel. 
Take a piece of manganese produced by the aluminothermic process 
as the anode and fasten it in place with a thin platinum wire. Only 
the manganese should be submerged in the electrolyte in the anode 
compartment! 

Pour 200 ml of a potassium carbonate solution saturated at 0 °G 
into the electrolyzer and connect the electrodes to a d-c source at 
36 V through a rheostat and ammeter. Maintain the temperature of 
the bath during work at 50-60 °C. The current during electrolysis 
should be 1 A. Continue electrolysis for 30 minutes. How does the 
colour of the solution change in the anode compartment? Write the 
equations of the electrochemical reactions. 

Weigh two samples of sodium oxalate of about 0.01 g each on an 
analytical balance and put them into two dry 250-ml conical flasks. 
Add 20 ml of a 20 % ‘sulphuric acid solution to each flask. Take two 
samples of the obtained potassium permanganate solution with a 
10-ml pipette, transfer them into the flasks containing the sodium 
oxalate samples, and shake them. What happens? Titre the excess 
oxalic acid with a potassium permanganate solution of a known 
concentration. Calculate the amount of potassium permanganate 
formed and the yield relative to the current. 

Check the properties of potassium permanganate (see above). 
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IRON, COBALT, NICKEL 

Indicate the position of iron, cobalt, and nickel in Mendeleev’s 
periodic table of the elements, the electron configurations and sizes 
of their atoms, and their oxidation states. Explain the observed law 
of the change in the characteristic oxidation states in the series 
iron-cobalt-nickel. Why do the elements of the iron family fail to 
exhibit the highest oxidation state corresponding to the number of 
the group in the periodic table which they belong to? 

What oxidation states are exhibited by the platinum metals— 
analogues of the iron family elements? In what are they similar to 
iron, cobalt, and nickel? 



27.1 PROPERTIES 

What position is occupied by the iron family elements in the elec¬ 
trochemical series of the metals? How do they react with water, 
acids, and alkalies? Write the equations of the reactions of iron 
with dilute and concentrated hydrochloric, sulphuric, and nitric 
acid solutions in the cold and with heating. 

How do iron, cobalt, and nickel react with the oxygen of the air? 
What is the rusting of iron? What factors affect this process? What 
will happen if we take two plates, one of galvanized iron and the 
other of tin-plated iron, scratch each of them with a file to remove 
the protective layer of metal, wet them with a 10% sodium chloride 
solution, and let them stay in the air? 

27.2 COMPOUNDS 

PREPARATION AND PROPERTIES OF HYDROXIDES 

Iron(II) Hydroxide. Prepare 200 ml of water containing no dis¬ 
solved oxygen. To do this, boil distilled water for 5-10 minutes while 
passing carbon dioxide through it, and then cool the water in a 
stream of carbon dioxide to room temperature. Close the mouth of 
the flask with a stopper. 

Using this water, dissolve several crystals of Mohr’s salt (what 
is its composition?) in a test tube, acidify the solution with sulphur¬ 
ic acid, and put a few pieces of iron into it (for what purpose?). 
Prepare a sodium hydroxide solution in another test tube. By adding 
the alkali solution to that of the Mohr’s salt, prepare a precipitate 
of iron(II) hydroxide. What is its colour? What happens to it in the 
air? Write the equations of the reactions. 



242 


Iron, Cobalt, Nickel 


Perform a similar experiment, using iron (I I) sulphate and alkali 
solutions at hand in the laboratory. Compare and explain the results 
obtained. 

Iron(III) Hydroxide. Prepare iron(III) hydroxide and study its 
reaction with an acid and an excess of an alkali. Write the equations 
of the reactions. 

Which of the hydroxides—iron(II) or iron(III)—has stronger bas¬ 
ic properties and how can this be explained? 

Cobalt(II) Hydroxide. Add a small amount of a sodium hydrox¬ 
ide solution to one of a cobalt(II) salt. Note the colour of the pre¬ 
cipitate formed. Add some more alkali and heat the mixture, shak¬ 
ing the contents of the test tube. How does the colour of the pre¬ 
cipitate change? What happens to the cobalt(II) hydroxide when 
it stands in the air? Write the equations of the reactions. 

Cobalt(III) Hydroxide. Pour a cobalt(II) salt solution into two 
test tubes, add bromine water to one of them, hydrogen peroxide to 
the other, and then pour a sodium hydroxide solution into both 
tubes. What happens? Write the equations of the reactions. 

Nickel(II) Hydroxide. Prepare nickel(II) hydroxide. Does it 
change when left in the air? Write the equations of the reactions. 

Nickel(III) Hydroxide. Add bromine water to a precipitate of 
nickel(II) hydroxide. What happens? Write the equation of the re¬ 
action. How can you explain the different reaction of iron (I I), 
cobalt(II), and nickel(II) hydroxides with the oxygen of the air? 
Why does the method of preparing cobalt(III) and nickel(III) 
hydroxides differ from that of preparing iron(III) hydroxide? 
How and why do the acid and basic properties of iron, cobalt, and 
nickel hydroxides change depending on their oxidation state? 

SALTS 

Preparation of Mohr’s Salt. (Perform the experiment in a fume 
cupboard!) Put one gramme of a finely cut iron wire into a flask 
and dissolve it with heating in the calculated amount of 2 A sulphur¬ 
ic acid. Insert a funnel into the neck of the flask (for what purpose?). 
Keep the volume of the solution constant. After dissolving the met¬ 
al, filter the solution and evaporate it until a crystalline film be¬ 
gins to form on its surface. What substance is in the solution? 

Prepare with heating a saturated ammonium sulphate solution in 
an amount such that there is one molecule of this salt per iron atom. 
Mix the prepared hot solutions and let them crystallize. Filter off 
the crystals on a Buchner funnel, wash them with a small amount of 
cold water, and dry them on filter paper. Weigh the salt and calcu¬ 
late the yield in per cent. 

Dissolve several crystals of the salt in water and determine what 
ions are present in the solution. What class of compounds does this 
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salt belong to? Put the salt into a small jar with a well fitting stop¬ 
per. Write the equations of the reactions. 

Properties of Iron(II) Salts. 1. Test a solution of Mohr’s salt with 
an indicator. Write the equation of the iron(II) sulphate hydrolysis 
reaction. Pour in a sodium carbonate solution. What do you ob¬ 
serve? Write the equation of the reaction and explain the results ob¬ 
tained. 

2. Pour a potassium hexacyanoferrate(III) (potassium ferricyani- 
de) solution into a Mohr’s salt one. What is obtained? Write the equa¬ 
tion of the reaction. What is this reaction used for? 

3. Add a potassium permanganate solution to one of an iron(II) 
salt acidified with sulphuric acid. What happens? Write the equa¬ 
tions of the reactions of an iron(II) salt with potassium permanganate 
and with potassium dichromate. Will an iron(II) salt be oxidized 
by chlorine, bromine, and iodine water (see Appendix 1, Table 21)? 
How do iron(II) salts react with hydrogen sulphide and ammonium 
sulphide? 

What conclusions on the properties of iron(II) salts can be made 
from the above experiments? Why should freshly prepared Mohr’s 
salt be used as the starting substance when studying the properties 
of iron (I I) compounds? 

Properties of Iron(III) Salts. 1. Determine the pH of an iron(III) 
chloride solution. Write the equation of the hydrolysis reaction of 
this salt. Which salt—iron (I I) sulphate or iron(III) sulphate—hy¬ 
drolyzes more strongly in solutions? 

2. Add a sodium carbonate solution to one of iron(III) chloride. 
What is the composition of the precipitate? Write the equation of 
the reaction. 

3. Pour 1-2 ml of an iron(III) chloride solution into each of two 
test tubes. Add several drops of an ammonium thiocyanate solution 
to one of the tubes, and a potassium hexacyanoferrate(II) (potassium 
ferrocyanide) solution to the other one. What happens? Write the 
equations of the reactions. What are these reactions used for? 

4. How does iron(III) chloride react with sodium sulphide and 
potassium iodide? Write the equations of the reactions. Under what 
conditions do iron(III) salts transform into iron(II) ones and vice 
versa? 

5. What happens when iron(III) chloride reacts with hydrogen 
sulphide and ammonium sulphide? Conduct the relevant reactions 
and write their equations. List the properties of iron(III) salts. How 
can sodium ferrite be prepared? Which salts hydrolyze more strong¬ 
ly—ferrites or iron(III) salts? What does this depend on? 

Preparation and Properties of Ferrates. Put about 0.5 g of tritu¬ 
rated potassium hydroxide (if possible, containing no carbonate) 
into a porcelain bowl, add 3-5 drops of an iron(III) chloride solu¬ 
tion and 3-5 drops of bromine (in a fume cupboard!). After heating 
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for a short time in a water bath, cool the bowl with its contents, add 
15-20 ml of water, and transfer the solution into a small beaker. 
What substance colours the solution? 

Pour the ferrate solution into three test tubes. Add a barium chlo¬ 
ride solution to one tube up to complete precipitation. What is the 
composition of the precipitate? Pour hydrogen sulphide water into 
the second tube, and 2 N sulphuric acid into the third one. What is 
observed? Write the equations of all the reactions. What properties 
do iron(VI) compounds have? 

Properties of Cobalt(II) Salts. 1. Put several crystals of anhy¬ 
drous cobalt(II) chloride into a test tube and wet them with water. 
How does the colour change? Add concentrated hydrochloric acid. 
What is the solution’s colour now? 

2. Pour 1-2 ml of absolute ethanol into a test tube and add a few 
cobalt(II) chloride crystals. Explain the change in colour. 

3. Pour a cobalt(II) sulphate solution into two test tubes. Add 
hydrogen sulphide water to one of them, and a sodium sulphide so¬ 
lution to the other. What do you observe? 

Properties of Cobalt(III) Compounds. Roast a few cobalt(II) 
nitrate crystals in the flame of a gas burner. How can you determine 
the end of the reaction? 

Put a small amount of the obtained cobalt(III) oxide (what other 
cobalt oxide can form depending on the temperature?) into a test 
tube and treat it with concentrated hydrochloric acid. What gas 
evolves? Write the equations of the reactions. How does cobalt(III) 
oxide react with nitric and sulphuric acids? Write the equations of 
the reactions. 

Properties of Nickel(II) Salts. Test the reaction of hydrogen sul¬ 
phide and sodium sulphide with a solution of a nickel(II) salt. Ac¬ 
quaint yourself with the values of the solubility products of nickel and 
cobalt sulphides. 

Why is the formation of simple (not complex) salts not character¬ 
istic of cobalt(III) and especially of nickel(III)? 


27.3 COMPLEX COMPOUNDS 

COMPOUNDS WITH COMPLEX CATIONS 

Cobalt and Nickel Ammines. First add a little, and then an excess 
of a concentrated ammonia solution to solutions of cobalt(II) and 
nickel(II) salts. What do you observe? Boil the ammonium solu¬ 
tion of the cobalt salt while shaking the test tube (for what purpose?). 
Explain the changes in its colour. Write the equations of the reac¬ 
tions. 
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What is the coordination number of cobalt and nickel in the am- 
mines? What type of complexes (strong-field or weak-field) do they 
belong to? What type of orbital hybridization occurs in the forma¬ 
tion of these complexes? What spatial configuration does this cor¬ 
respond to? 

How does the stability of ammines change in the series iron(II), 
cobalt(II), nickel(II)? 

COMPOUNDS WITH COMPLEX ANIONS 

Potassium Hexanitrocobaltate(III). Add a little acetic acid and 
an excess of potassium nitrite to a cobalt(II) salt solution. Heat the 
mixture. What gas evolves? What precipitates? Write the equation 
of the reaction. What is the coordination number of cobalt in this 
compound? 

What is the composition of iron, cobalt, and nickel carbonyls? 
Consider the structure of the carbonyls of these elements from the 
standpoint of the valence bond theory. 


SUPPLEMENTARY EXPERIMENTS 
AND SYNTHESES 

(Hand in all obtained preparations to your instructor.) 

1. Preparation of Reduced Iron (Cobalt, Nickel). (Wear eye pro¬ 
tection or a protective mask!) Assemble an apparatus for reducing met¬ 
al oxides with hydrogen (see Fig. 115; replace the burner with a 
tubular furnace). Charge the Kipp gas generator to produce hydro¬ 
gen. Consecutively fill wash bottle 1 with an alkaline solution of 
lead acetate, 2 with an acidified solution of potassium permanganate, 
and connect two more wash bottles with concentrated sulphuric 
acid (for what purpose?). Pour water into the crystallizer. Check the 
tightness of the apparatus. 

Weigh about 0.5 g of iron oxide in a porcelain boat and place the 
latter into a tube for roasting in an inclined tubular furnace. In¬ 
sert a thermocouple into the furnace and connect it to a pyrometer. 
Why must the furnace be inclined somewhat? 

Again check the tightness of the apparatus and the purity of the 
hydrogen. Switch on the furnace and roast the iron oxide in a stream 
of hydrogen at 600-650 °C during an hour. How can the end of 
the process be determined? 

Switch oft the furnace and cool the apparatus in a hydrogen stream 
to room temperature. Extract the boat and put the iron into a 
jar with a well fitting ground-glass stopper. Test the initial iron 
oxide and the reduced iron with a magnet. How does iron react with 
acids and alkalies? 
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2. Preparation of Pyrophoric Iron. Thoroughly triturate iron(III) 
oxide in an agate mortar and roast it in a hydrogen stream at 400- 
500 C C (see the preceding experiment). Cool the furnace to 100 °C, 
extract the boat, and spill the iron powder into a heated porcelain 
bowl. What happens? 

3. Preparation of Iron(II) Oxide, a. First prepare iron(II) oxalate. 
To do this, pour an ammonium oxalate solution into 20 ml of a 
Mohr’s salt solution up to the complete precipitation of the iron. 
Wash the precipitate several times with water by decantation, next 
filter it on a Buchner funnel, wash off sulphate ions, and dry it at 
100 °C. 

b. To prepare iron(II) oxide, assemble an apparatus (see Fig. 
115) ( perform, the experiment in a fume cupboard,!). Displace the air 
from the apparatus with carbon dioxide. Roast 2 g of the iron(II) 
oxalate in a quartz tube in a carbon dioxide stream at 500-600 °C. 



Fig. 136. Quartz tube for preparing macrocrystalline iron(III) oxide 


When the reaction terminates, cool the apparatus in a stream of 
carbon dioxide and rapidly spill the product into a small jar prelim¬ 
inarily weighed and filled with carbon dioxide. Close the jar with 
its stopper and weigh it. Calculate the yield in per cent. What is 
the colour of the iron(II) oxide? What is obtained when iron(II) 
oxide is roasted in the air? When storing a jar with iron(II) oxide, 
pour paraffin over it. 

4. Preparation of Macrocrystalline Iron(III) Oxide. Assemble an 
apparatus for preparing hydrogen chloride. To dry the gas well, in¬ 
stall a column with phosphorus(V) oxide in addition to two wash 
bottles with sulphuric acid. Spill amorphous iron(III) oxide into 
the middle part of a three-section quartz tube (Fig. 136). Put the lat¬ 
ter into a two-zone furnace. To retain the temperature difference, 
wrap the unheated zone (the middle of the tube) with asbestos. 

Pass a slow stream of thoroughly dried hydrogen chloride thro¬ 
ugh the tube at a rate of one or two bubbles in three seconds during 
four hours. Gradually raise the temperature in the first zone to 
1000 °C, and in the second zone to 800 °C. Do this during two hours, 
retain the maximum temperature in the furnace for half an hour, and 
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begin slow cooling. When heating and cooling the furnace, maintain 
a constant temperature difference of about 200 °C between the heat¬ 
ing zones. 

5. Preparation'of Nickel(III) Oxide. Pour a little of a sodium 
hydroxide solution into a small amount of a nickel sulphate one 
while stirring, and then add a chlorinated lime (calcium hypochlo¬ 
rite) solution (which must be absolutely transparent). Let the mix¬ 
ture stand for several hours until the evolution of oxygen bubbles 
stops. Next heat it up to boiling. Let the mixture settle and wash 
the precipitate by decantation. Write the equation of the reaction. 

Put a small amount of a nickel oxide into a test tube and treat it 
with concentrated hydrochloric acid. What substances separate 
when nickel oxide is reacted with hydrochloric, nitric, and sulphuric 
acids? Write the equations of the reactions. What properties does 
nickel oxide have? 

6. Preparation and Properties of Sodium Ferrite. Mix 2 g of an 
iron(III) oxide powder and 20 g of anhydrous sodium carbonate in an 
iron crucible. Fuse the mixture on the flame of a gas burner or in a 
muffle furnace at 800-900 °C. Pour out the hot melt onto a glazed 
tile. When it solidifies, grind pieces of the melt in a mortar and spill 
the powder into a beaker with water. What settles onto the bottom of 
the beaker? Write the equations of the reactions. What type of ox¬ 
ides does iron(III) oxide belong to? Which salts hydrolyze more 
strongly, iron(II) or iron(III) salts? What does this depend on? 

7. Preparation of Anhydrous Cobalt (Nickel) Chloride in an Ethanol 
Solution. For the procedure of running the experiment, see supple¬ 
mentary experiment 2 on p. 238. 

8. Preparation of Anhydrous Iron(III) Chloride in a Fluidized 
Bed. For the procedure of running the experiment, see supplemen¬ 
tary experiment 5 on p. 203. 

9. Preparation of Potassium Trioxalatoferrate(III). First prepare 
barium oxalate. To do this, add a solution of 2.5 g of barium chlo¬ 
ride dihydrate in 6 ml of water to a solution of 1.5 g of sodium oxa¬ 
late in 40 ml of water. Filter off the formed crystals on a Buchner fun¬ 
nel and wash them several times with cold water. 

To prepare potassium trioxalatoferrate(III), put 1.25 g of iron(III) 
sulphate, the prepared barium oxalate, 1.5 g of potassium oxalate, 
and 30 ml of water into a 500-ml beaker. Heat the mixture for seve¬ 
ral hours in a water bath, maintaining a constant volume. After 
separation of the barium sulphate precipitate, evaporate the filtrate 
to a volume of 5 ml and cool it. Filter off the potassium trioxalato- 
ferrate(III) crystals, rinse them with a small amount of water and 
then with ethanol, and dry them in a vacuum-desiccator over sul¬ 
phuric acid. Write the equations of the reactions. 

Protect the preparation from sunlight. It is prudent to dry it in a 
dark place. How can you prove that the preparation is a complex 
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compound? Place a part of the potassium trioxalatoferrate(III) crys¬ 
tals on a watch glass and put it in sunlight. What happens to the 
salt? 

10. Preparation of Tetraamminecarbonatocobalt(III) Nitrate. Add 
10 ml of a 25% ammonia solution to a solution containing 4 g of 
ammonium carbonate in 20 ml of water and transfer the mixture in¬ 
to a 100-ml quartz flask. Add a second solution containing 6 g of 
cobalt nitrate hexahydrate in 12 ml of water to the first solution. 
Close the Wurtz flask with a stopper containing a tube reaching up 
to the bottom, connect the flask to a water-jet pump, and blow air 
through it during an hour. For what purpose is the air blown through 
the flask? 

Pour the solution into a bowl, filter it if required, and evaporate 
it in a water bath, gradually adding 2 g of ammonium carbonate un¬ 
til crystallization begins. If the solution contains a precipitate, fil¬ 
ter it off and leave the bowl with the solution in the bath, stopping 
its heating. Examine the crystals under a microscope. 

Filter off the crystals on a Buchner funnel, wash them with a small 
amount of ice-cold water, then with dilute ethanol, and, finally, 
with a 96% ethanol solution. Write the equations of the reactions. 
Dry the salt in the air and weigh it. Calculate the yield in per cent. 
Prove that you have obtained a complex cobalt salt. 

11. Preparation of Ammonium Hexafluocobaltate(II). Preparation 
of a Cobalt(II) Chloride Solution. Assemble an apparatus (see Fig. 
116), replacing dropping funnel 2 with a gas-discharge tube. Put 
1.5 g of powdered metallic cobalt and 50 ml of absolute ethanol in¬ 
to the three-neck flask. While vigorously agitating the flask contents 
with the mechanical mixer, pass a strong stream of thoroughly puri¬ 
fied hydrogen chloride through the flask. Saturate the solution with 
hydrogen chloride during an hour while cooling the reaction flask 
with dry ice. Stop the cooling and retain a weak stream of hydrogen 
chloride. If the reaction slows down, immerse the flask into a water 
bath at 50-60 °C. Decant the solution obtained from the unreacted 
metal. 

Preparation of Ammonium Hexafluocobaltate(II). Dissolve 1.5 g 
of ammonium fluoride in 100 ml of methanol. Why should methanol 
be taken? Filter the solution. While stirring the ammonium fluoride 
solution, add to it a cobalt(II) chloride solution up to complete pre¬ 
cipitation. Separate the product with the aid of a glass filter No. 2 
(270 mesh) and wash it with ether (why is this washing necessary?). 
Dry the product in the air, weigh it, and calculate its yield in per 
cent. 

12. Preparation of Hexaamminenickel(II) Chloride. Dissolve 25 g 
of nickel nitrate in the smallest possible amount of water and add 
an amount of a 25% ammonia solution such that the initially formed 
precipitate would completely dissolve. If the initial salt was insuf- 
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ficiently pure, iron, aluminium, manganese, and lead hydroxides 
may remain in a precipitate. Filter the solution. Add an ammonium 
chloride solution saturated at 25-30 °C and a 2 N ammonia solution 
up to complete precipitation of hexaamminenickel(II) chloride. Im¬ 
mediately filter off the precipitate on a Buchner funnel and wash it 
twice with a solution of the precipitant, next with a concentrated 
ammonia solution, a mixture of ethanol and a concentrated ammo¬ 
nia solution (1:1), and, finally, with a pure 96% ethanol solution. 
Dry the product at a temperature not over 100 °C. Prove that the 
product is a complex compound. 

13. Preparation of Nickel Carbonyl. (Perform the experiment in 
the presence of your instructor! Work in a fume cupboard! Nickel 
carbonyl is extremely poisonous!) 

Assemble an apparatus as shown in Fig. 137. Fill the gas meter 
with pure carbon monoxide and charge a Kipp gas generator for 



Fig. 137. Apparatus for preparing nickel carbonyl 

producing hydrogen. Pour a concentrated alkali into wash bottle 
1 connected to the gas meter, and concentrated sulphuric acid into 
bottle 2 connected to the Kipp gas generator. Put copper foil rolled 
up into a spiral (for what purpose?) into refractory tube 3. Intro¬ 
duce glass wool mixed with 3-5 g of finely ground nickel oxalate into 
the front part of reaction tube 4 with a drawn out part. Fill the tube 
along its length over 8-10 cm. Move heating asbestos sleeve -5 onto 
this place of the tube. The thermometer inserted into the sleeve must 
reach the surface of the tube. Remove the particles of the salt from 
the shorter part of the tube after the constriction. Fit flame spread¬ 
ers onto the gas burners. Arrange the reaction tube with a slight 
inclination. 
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Disconnect receiver test tube 6 and connect gas-discharge tube 
7 instead of it. Displace the air from the apparatus with carbon mon¬ 
oxide. Check the purity of the evolving monoxide by collecting it 
from tube 7 into a test tube and lighting it. Stop the supply of the 
•carbon monoxide and pass a strong stream of hydrogen through the 
apparatus. Thoroughly check the purity of the hydrogen at the out¬ 
let of tube 7 and light it. Heat the copper foil to a red heat. After 
this, carefully heat the nickel oxalate layer, never raising the tem¬ 
perature above 200 °C (at a high temperature the dispersion of the 
reduced nickel diminishes, which consequently lowers its activity). 

When the reaction mixture becomes black, remove the condensed 
water from the outlet of the tube by careful heating. Let the tube 
cool to 70 °C in a slowed up stream of hydrogen. Remove gas-discharge 
tube 7 and connect receiver test tube 6. Stop the supply of hydro¬ 
gen and pass a slow stream of carbon monoxide through the appara¬ 
tus (the copper foil should be red hot), maintaining the temperature 
within 70-80 °C. Give attention to the brightness of the flame. In¬ 
troduce a cold porcelain bowl into the middle of the flame. What is 
•deposited on it? 

Slightly heat the reaction tube near the constriction and to its 
right. What do you observe in the part of the tube that is after the 
constriction? When 0.5-1 ml of the liquid product gathers in the re¬ 
ceiver test tube, stop the supply of the carbon monoxide and cool 
the apparatus in a hydrogen stream. When disassembling the appara¬ 
tus, do not inhale the gases! What was collected in the receiver test 
tube? Write the equations of the reactions. 


COPPER, SILVER, GOLD 

Write the electron configurations and the sizes of the atoms of the 
copper subgroup elements. What oxidation states do these elements 
exhibit in their compounds? Give examples. What position do they 
occupy in the electrochemical series? Write the equations of the reac¬ 
tions of copper, silver, and gold with acids. Give a comparative gen¬ 
eral characteristic of the physical and chemical properties of the 
elements of Group one. 

28.1 COPPER 

Preparation of Copper from Copper Sulphate by Displacement 
by Metallic Zinc. Prepare 5 ml of a copper sulphate solution satu¬ 
rated in the cold, pour it into a porcelain bowl, and introduce the 
calculated amount of zinc dust into it in small portions. Put the 
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bowl with the reaction mixture on a water bath and heat it to 80 °C. 
When dissolving of the zinc terminates, pour off the solution, treat 
the separated copper precipitate with a 5% hydrochloric acid solu¬ 
tion, wash it with water by decantation, transfer it onto a filter, 
rinse it again with water, and dry it between sheets of filter paper. 
Store the metal in a tightly closed jar. Why? Put a small amount of 
the copper into an open beaker or onto a watch glass and let it stand 
to your next lesson. What happens to the copper when it stands in 
the air? Write the equations of the reactions. How is copper pro¬ 
duced in the industry? 

COPPER(I) COMPOUNDS 

Preparation of Copper(I) Oxide. Dissolve 2.5 g of copper vitriol 
(copper sulphate pentahydrate) in 15 ml of warm water and add 1.5 g 
of glucose. Heat the solution and rapidly add 2.5 ml of a 20% sodium 
hydroxide solution to it. Stir the mixture and let it stand for an ho¬ 
ur. Wash the precipitate with distilled water. Write the equations of 
the reactions. 

Properties of Copper(I) Oxide. Test the reaction of the copper(I) 
oxide obtained with solutions of acids and ammonia. To do this, 
place the copper(I) oxide into four test tubes. Treat the substance 
in the first tube with concentrated sulphuric acid while heating it. 
Watch what happens. What is obtained in the solution and in the pre¬ 
cipitate? 

Add concentrated hydrochloric acid dropwise to the second tube 
until the appearing white precipitate dissolves. What is its compo¬ 
sition? Explain the dissolving of the precipitate in an excess of this 
acid. Keep the solution for the following experiment. 

Dissolve the copper(I) oxide in the third and fourth tubes in a 
25% ammonia solution. Rapidly close one of them tightly with a 
stopper, leave the other one open, and vigorously shake both tubes. 
Does the colour of the solution change? Explain what you observe. 
Write the equations of the reactions. 

Consider the structure of the copper(I) ammine complex from the 
viewpoint of the valence bond theory. 

Preparation and Properties of Copper(I) Hydroxide. Add a 20% 
sodium hydroxide solution slowly, dropwise, to a hydrochloric acid 
solution of copper(I) oxide (see the preceding experiment). What do 
you observe? What is the composition and colour of the precipitate? 
Pour the solution off the precipitate and add to the latter (drop- 
wise) 1-2 ml of a 10% ammonia solution. What happens? Explain the 
dissolving of the precipitate. 

Copper(I) Chloride. 1. Dissolve 1 g of copper(II) chloride in 12 ml 
of water. Add 2 ml of concentrated hydrochloric acid to the solu¬ 
tion and introduce 1.5 g of copper in the form of small pieces of thin 
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wire or shavings. Heat the reaction mixture (adding water to keep 
the volume of the solution constant) until a sample of the solution 
introduced into a test tube with pure water stops colouring the latter 
light blue. When the reaction terminates, pour the solution into a 
beaker with 50 ml of cold water. What is observed? 

Filter off the precipitated copper(I) chloride, wash it first with wa¬ 
ter, and then two or three times with ethanol. See how the salt reacts 
with hot concentrated hydrochloric acid and a 25% solution of am¬ 
monia. Let the hydrochloric acid solution and ammonia solution 
stand in the air. What do you observe? 

2. Put a small amount of the copper(I) chloride crystals on a watch 
glass and leave them in the air. What do you observe? Introduce a 
part of the crystals into a test tube containing 2-3 ml of a saturated 
sodium or potassium chloride solution. When the crystals dissolve, 
add 1-2 ml of water to the tube. Explain the observed phenomena. 
Write the equations of the reactions. Retain the remaining salt. 

Copper(I) Bromide. Prepare 10 ml of a 20% aqueous solution of 
copper(II) bromide, heat it, and pass into it a stream of sulphur diox¬ 
ide. What substance precipitates? Filter off the crystals, wash them 
with water, and dry them in a vacuum desiccator over potassium hy¬ 
droxide. 

Spill a small amount of the copper(I) bromide into three test 
tubes and test its reaction with water, concentrated hydrochloric acid, 
and ammonia, respectively. Write the equations of the reactions. 

Copper(I) Iodide. Pour together equal volumes of 1 N copper 
sulphate and potassium iodide solutions. What is observed? Pass 
a stream of sulphur dioxide through the mixture. How does the col¬ 
our of the solution change? Write the equations of the reactions. 

Filter off the product and wash it with water. Put a small amount 
of the copper iodide into three test tubes. Pour an ammonia solution 
into one of them, concentrated hydrochloric acid into the second, 
and carefully heat the third tube on a gas burner. How can you ex¬ 
plain the change in the colour of the copper(I) iodide when it is heat¬ 
ed? How can the instability of copper (I I) iodide be explained? 

COPPER(II) COMPOUNDS 

Preparation of Copper(II) Oxide. Add a hot copper sulphate solu¬ 
tion to a small amount of a hot 5% sodium hydroxide solution up to 
the complete precipitation of the copper(II) oxide. Heat the reac¬ 
tionmixturewhilestirring during 10-15 minutes. What is observed? 

How does copper(II) oxide react with dilute and concentrated ni¬ 
tric, hydrochloric, and sulphuric acids, and also with sodium hydrox¬ 
ide in the cold and with heating? Write the equations of the reactions. 

Preparation and Properties of Copper(II) Hydroxide. 1. Add 0.5 ml 
of glycerin to a copper sulphate solution to prevent dehydration of 



Copper, Silver, Gold 


253 


the copper(II) hydroxide. While stirring the solution, slowly add a 
2% sodium hydroxide solution up to complete precipitation of the 
copper(II) hydroxide. Wash the precipitate by decantation with cold 
distilled water containing 1 ml of glycerin per litre of water up to 
removal of the sulphate ions, filter it on a Buchner funnel, and rinse 
it once more with water. 

2. Put the copper(II) hydroxide into a number of test tubes and 
see how it reacts with a solution of 1 N hydrochloric acid, a 30% 
sodium hydroxide solution, and an excess of a25% ammonia solution. 

Heat one sample of the copper(II) hydroxide. Explain the ob¬ 
served phenomena. Write the equations of the reactions. What proper¬ 
ties does copper(II) hydroxide have? In the form of what ion is cop¬ 
per present in an ammonia solution? 

Preparation of a Complex Ammonium Salt of Copper(II). Dissolve 
0.5 g of finely triturated copper(II) sulphate pentahydrate in 12.5 ml 
of a 15% ammonia solution. If the solution is turbid, filter it. Slow¬ 
ly add 7.5 ml of ethanol to the filtrate and let it stand for a few hours 
in the cold. Filter off the formed crystals, wash them first with a 
mixture of ethanol and a concentrated ammonia solution (1:1), 
and then with ethanol and ether. Dry them at room temperature. 
Into what ions does the product dissociate in the solution? Consider 
the structure of the complex ion from the viewpoint of the valence 
bond theory. 

Dissolve several crystals of the obtained salt in a small amount of 
water. Pour the solution into two test tubes, add 1-2 ml of a sodium 
hydroxide solution to one of them and hydrogen sulphide water to 
the other. What is observed? How can you explain the different reac¬ 
tion of the sodium hydroxide solution and hydrogen sulphide with 
the solution of the obtained salt? 

Preparation of Copper(II) and Ammonium Sulphate. Dissolve 1 g 
of copper(II) sulphate pentahydrate in 2 ml of water with heating 
and prepare a solution containing an equimolecular amount of am¬ 
monium sulphate saturated at 60 °C. Pour together the two hot so¬ 
lutions, mix them, and let them stand for crystallization. Examine 
the crystals under a microscope and compare their shape with that 
of copper(II) sulphate pentahydrate and ammonium sulphate crys¬ 
tals. What is the composition of the product? Into what ions does 
this salt dissociate in an aqueous solution? Check whether copper(II) 
hydroxide will precipitate from an aqueous solution of the obtained 
salt when a sodium hydroxide solution is added to it? 

28.2 SILVER 

The experiments are demonstrated and explained by two students. 
After work, the remaining silver preparations and their solutions 
are to be handed in to the laboratory assistant. 
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PROPERTIES 

1. Establish in what acids and under what conditions silver can 
be dissolved. 

2. Pour 2-3 ml of hydrogen sulphide water into a test tube and im¬ 
merse a silver wire into it. What happens? Why do silver articles 
turn black in the air? Find the value of the solubility product of sil¬ 
ver sulphide (see Appendix 1, Table 12). 

3. Immerse a copper plate or wire cleaned with emery paper into a 
0.01 N solution of silver nitrate. What is observed? What place does 
silver occupy in the electrochemical series of the metals? 


COMPOUNDS 

Oxides. Silver(I) Oxide. Introduce 1 ml of a 0.1 N silver nitrate 
solution into a test tube, and add 1 ml of a 0.1 N sodium hydroxide 
solution. Wash the precipitate with water by decantation and dry 
it in the air. What is the composition of the compound? 

Put a small amount of the compound into a test tube and test how 
it is affected by heating. Treat the remaining silver compound with 
a 25% ammonia solution. What happens? Write the equations of the 
reactions. 

Silver(II) Oxide. Add a soda solution and a potassium persulphate 
solution to 1 ml of a 0.1 N silver nitrate solution. What is the com¬ 
position of the precipitate? Write the equation of the reaction. What 
physical method can be used to distinguish silver(I) oxide from sil¬ 
ver^ I) oxide? 

Silver(I) Salts. Which silver salts dissolve well in -water? 

Silver Nitrate. Dissolve several silver nitrate crystals in water and 
determine the pH of the solution. Does silver nitrate hydrolyze? Is 
silver hydroxide a strong or a weak base? What products are obtai¬ 
ned in the thermal decomposition of silver nitrate? Write the equa¬ 
tion of the reaction. 

Silver Halides. Taking silver nitrate as a reactant, prepare silver 
chloride, bromide, and iodide, Wash the precipitates with water by 
decantation and test the action of light, an ammonia solution, and a 
sodium thiosulphate solution on them. Explain the observed phenom¬ 
ena. Write the equations of the reactions. Explain why silver io¬ 
dide dissolves in sodium thiosulphate and does not dissolve in an 
aqueous solution of ammonia. 

How can you explain the change in the colour of the silver halides 
with an increase in the atomic number of the halogen? Compare the 
solubility products of silver halides and sulphide (see Appendix 1, 
Table 12). What anion is the most sensitive reagent for the silver 
ion? What is the significance of silver halides in photography? What 
substances^are used in developing photographs? 
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SILVER PLATING 

Preparation of an Ammonia Solution of Silver. Dissolve 0.25 g 
of silver nitrate in 4 ml of water, and carefully, dropwise, add a con¬ 
centrated ammonia solution until the precipitate dissolves (what is- 
its composition?). Add 9 ml of a 3% sodium hydroxide solution, and 
then more ammonia solution until the turbidity vanishes. Pour the 
solution into a measuring cylinder and add water up to a volume of 
20 ml. Store the reagent in the dark. Why? 

Preparation of a Glucose Solution. Dissolve 0.4 g of glucose in 
8 ml of water, add one drop of a concentrated nitric acid solution, 
and boil the mixture during two minutes. Cool the solution and add 
an equal volume of ethanol (for what purpose?). 

Cleaning of a Test Tube before Silver Plating. Thoroughly wash 
a test tube with a hot solution of a chromium mixture (see the first 
footnote on p.22), tap water, distilled water, and, finally, ethanol. 

Coating the Test Tube Walls with Silver. Mix the ammonia solu¬ 
tion of silver with the glucose solution in the proportion 10:1. Pour 
4-5 ml of the reaction mixture into the prepared test tube and lower 
the latter into a beaker with warm water (50-60 °C). What do you 
observe? Write the equations of the reactions. How can the walls of. 
the tube be cleaned of the deposited silver? 


28.3 GOLD 

(All the experiments are demonstrated by the instructor.) 


PROPERTIES 

Dissolution of Gold Foil. Put a small piece (about 0.01 g) of gold 
foil into a small porcelain bowl, treat it with 3-5 drops of aqua regia, 
and evaporate on a water bath. What forms? Leave a part of the 
product dry, dissolve the remainder in the smallest possible amount 
of water, and use the solution for the following experiments. 

Colloidal Solution of Gold (Red Gold Hydrosol). Pour 5 ml of 
distilled water and 0.3 ml of a 0.5% gold chloride solution neutral¬ 
ized with soda into a wide test tube. Heat the reaction mixture until 
it boils, next stop the heating, add in small portions 3 ml of a 96% 
solution of ethanol and resume heating up to the appearance of a 
cherry red colour of the solution. When the latter cools, pour in 
0.3 ml of a 20% hydrochloric acid solution. What do you observe? 
Does the sol coagulate? 

Cyanide Method of Dissolving Gold. Put 0.01 g of gold foil into 
a test tube, add the calculated amount of a 0.03% sodium cyanide 
solution (in a fume cupboard,!), and, while shaking the contents of 
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the tube, slightly heat the reaction mixture. What occurs? Write 
the equation of the reaction. 

What techniques are used to extract gold from rock? 

COMPOUNDS 

Gold(III) Hydroxide. Pour 1 ml of a prepared solution of gold(III) 
chloride into a test tube and carefully neutralize it with a 0.01 N 
alkali solution. What precipitates? Pour off the solution, divide the 
precipitate into two parts, treat one part with concentrated hydro¬ 
chloric acid and the other with an alkali. What properties does the 
product have? Write the equations of the reactions. 

Hydrochloro-Auric Acid. Treat gold with aqua regia. When the 
metal dissolves, add 1 ml of concentrated hydrochloric acid and evap¬ 
orate the solution until crystals appear. What is the composition of 
the obtained substance? Dissolve several crystals of the compound 
in water, add to one half of the solution several drops of a soluble 
cesium salt, and to the other half a 0.1 A potassium hydroxide solu¬ 
tion. What forms? Write the equations of the reactions. 


SUPPLEMENTARY EXPERIMENTS 
AND SYNTHESES 

1. Preparation of Copper(II) Fluoride. Work with hydrofluoric 
acid in a fume cupboard in rubber gloves, using platinum or lead ware. 

To measure a definite volume of hydrofluoric acid, you can use 
an ordinary clean and dry glass measuring cylinder whose inner walls 
have been coated with a thin layer of paraffin. How does hydrofluoric 
acid react with glass? 

Put 0.5 g of copper(II) oxide into a platinum bowl and add the 
calculated amount of an approximately 35% hydrogen fluoride solu¬ 
tion, taking an excess of 10-15%. If the reaction proceeds very slow¬ 
ly, put the bowl on a hot water bath. Filter the solution, inserting 
the filter into a lead, copper, or platinum funnel, and evaporate it 
until crystallization begins. Filter off the precipitate and wash it 
twice with cooled distilled water. Determine the yield in per cent. 

2. Preparation of Copper(II) Nitride. Assemble an apparatus (see 
Fig. 84). Use an electrical furnace to heat reaction tube 8. Put 2 g 
of copper(II) fluoride into porcelain boat 7 and place the latter into 
the reaction tube of the apparatus. Pass a stream of dry ammonia 
through the apparatus. Switch on furnace 6 and in half an hour the 
furnace used to heat tube 8, heating the latter to 280 °C. Why should 
not the temperature be increased above 300 °C? When the reaction 
terminates (how can you determine this?), cool the apparatus in an 
ammonia stream. Put a small part of the product into a test tube and 
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heat it. Comment on your observations. Write the equation of the 
reaction. 

3. Preparation of Copper(II) Bromide. Introduce 1-2 g of a copper 
powder into a beaker with 50 ml of water and while stirring the reac¬ 
tion mixture, slowly add 3-6 drops of bromine from a dropping fun¬ 
nel. When the reaction terminates, cool the solution, filter it through 
ordinary cotton wool inserted into a glass funnel, boil it with 
charcoal (for what purpose?), and evaporate it in a vacuum desicca¬ 
tor. Filter off the formed crystals on a funnel with a filtering bot¬ 
tom. What is the composition of the product? Write the equation of 
the reaction. Test how the copper bromide crystals behave in water 
and when heated. To do this, put 5-6 small crystals of the salt into 
each of two test tubes. Carefully add water dropwise to one of the 
tubes until the solution acquires a light blue colour, and then intro¬ 
duce about 0.2 g of dry potassium bromide, and heat the second 
tube. What happens? Explain the observed phenomena. 

4. Preparation of Copper(II) Acetylide. Perform all experiments 
with copper acetylide very carefully in a fume cupboard with its glass 
window lowered , wear eye protection! Dry copper acetylide ignites 
spontaneously! 

Assemble an apparatus for preparing acetylene (see Fig. 54). 
Put about 5 g of calcium carbide into 25-ml round-bottomed flask 1. 
Fill dropping funnel 2 and cylinder 3 with a 25% sodium chloride 
solution. Pour a little of a 1-2% sodium hydroxide solution into wash 
bottle 4, and a 2% potassium dichromate solution acidified with a 
dilute sulphuric acid solution into test tube 5. By adding the sodium 
chloride solution in small portions to the calcium carbide, achieve a 
uniform stream of gas. When the apparatus is filled with pure acety¬ 
lene, test the gas for the absence of air in it. How can this be done? 

Put 1 g of copper(I) chloride into a beaker and add to it a 25% 
ammonia solution up to complete dissolution of the salt from a drop¬ 
ping funnel secured over the beaker. Pass a stream of acetylene 
through the prepared solution. What substance is formed? When the 
precipitation terminates, displace the acetylene from the apparatus 
with nitrogen. 

Filter off the substance obtained in the beaker, wash it with water, 
ethanol, and ether, dry it in the air, and place small portions of it 
into several test tubes. 

Spill out one portion of the copper acetylide onto an asbestos gauze 
and slightly heat it, apply a drop of bromine with a rod to another 
sample, and introduce a third sample into a test tube filled with chlo¬ 
rine. Wet the remaining substance with concentrated hydrochloric 
acid. Explain the observed phenomena. 

5. Preparation of Silver from Silver Chloride. Put 1 g of silver 
chloride and 1.8 ml of a 40% formalin solution into a porcelain beak¬ 
er and add a 30% sodium hydroxide solution in small portions 
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with vigorous stirring. Wash the separated silver with a dilute sul¬ 
phuric acid solution, an ammonia solution, again with water, dry 
it between sheets of filter paper, and hand it in to the laboratory assist¬ 
ant. Write the equations of the reactions. 


ZINC, CADMIUM, MERCURY 

Write the electron configurations of the atoms of the zinc subgroup 
elements. What oxidation states do these elements exhibit in their 
compounds? Give examples. What position do these elements occu¬ 
py in the electrochemical series? 

Give a general characteristic of the elements of Group two of Men¬ 
deleev’s periodic table of the elements. Underline the similarity 
and difference in their properties, in particular their ability to form 
complex compounds. 

29.1 ZINC AND CADMIUM COMPOUNDS 

Oxides. Put several zinc and cadmium nitrate crystals onto the 
lid of a crucible, heat them first carefully, and then roast them strong¬ 
ly. What do you observe? What is the colour of the obtained oxides? 
Write the equations of the reactions. 

Hydroxides. Add a small amount of a 1 N sodium hydroxide 
solution to solutions of zinc and cadmium salts, respectively, and 
then add an excess of the hydroxide. What is observed? Write the 
equations of the reactions. What properties of zinc and cadmium hy¬ 
droxides are characterized by these reactions? 

Perform a similar experiment with zinc and cadmium salts, using 
an aqueous ammonia solution instead of the sodium hydroxide. Why 
do zinc and cadmium hydroxides dissolve in an excess of ammonia? 
Write the equations of the reactions. Under what conditions does 
the complete precipitation of zinc and cadmium hydroxides occur? 

Sulphides. Acquaint yourself with the solubility products of zinc 
and cadmium sulphides (see Appendix 1, Table 12). Prepare the sul¬ 
phides of these metals from solutions of zinc and cadmium nitrates. 
What should he used as the precipitant—hydrogen sulphide or am¬ 
monium sulphide? Note the colour of the precipitates and test their 
reaction with 1 N solutions of sulphuric and hydrochloric acids. 

29.2 MERCURY 

When working with mercury and its compounds, observe the fol¬ 
lowing rules: 

1. Always place all apparatuses and ware containing mercury on a 
special enamelled tray made from iron and having high sides. 
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2. Perform experiments with mercury in a fume cupboard on a simi¬ 
lar tray. 

3. Pour all residues of mercury and solutions containing mercury in¬ 
to jars and hand them in to the laboratory assistant. 

4. After working with mercury , thoroughly wash your hands with soap! 

Immediately gather accidentally spilled out drops of mercury 

with a vacuum cleaner or the clean surface of a zinc plate, or with a 
brush whose bristles are made from thin copper wire. Transfer the 
gathered mercury into a special vessel for contaminated mercury on 
the tray and pour water over it. Never pour out or discard mercury or 
ist salts into sinksI 


COMPOUNDS 

(The experiments are demonstrated and explained by two students.) 

Mercury(I) and Mercury(II) Oxides. 1. Pour 1-2 ml of mercury(I) 
nitrate into a test tube and add 1 ml of a 1 N sodium hydroxide so¬ 
lution. What happens? Does the product dissolve in nitric acid? 
Write the equations of the reactions. 

2. Pour 1 ml of a mercury(II) nitrate solution into a test tube and 
add with stirring a 1 N sodium hydroxide solution up to complete 
precipitation of mercury(II) oxide. What colour does the precipi¬ 
tate have? Write the equation of the reaction. What happens when mer- 
cury(II) oxide is heated? 

Mercury(I) and Mercury(II) Salts. Under what conditions can 
mercury (I) and mercury (I I) nitrates be obtained when mercury is 
dissolved in nitric acid? 

1. Put a few crystals of mercury(I) nitrate into a test tube and add 
2 ml of distilled water. Why does a turbid solution form? Write the 
equation of the reaction. Run a similar experiment with mercury(II) 
nitrate. Under what conditions can a transparent solution of these 
salts be obtained? 

2. Add a sodium chloride solution to one of mercury(I) nitrate. 
What is the composition of the precipitate? Write the equation of 
the reaction. Perform a similar experiment with a mercury (I I) 
nitrate solution. Why does no precipitate form in this case? Where are 
mercury(I) and mercury (II) chlorides used? What other names do 
they have? 

3. Add first a little of a tin(II) chloride solution to one of mercury(I) 
nitrate, and then an excess of the chloride. What do you observe? 
Run a similar experiment with mercury(II) nitrate. Write the equa¬ 
tions of the reactions. What properties of mercury (I) and mercury (I I) 
compounds are indicated by these reactions? 

4. Add hydrogen sulphide water to a solution of mercury(I) nitrate. 
What forms? Perform a similar experiment with a mercury(II) 
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nitrate solution. What colour are the precipitates? Write the equa¬ 
tions of the reactions. What can mercury sulphide be dissolved in? 

Reaction between Mercury(I) and Mercury(II) Salts and an Aque¬ 
ous Solution of Ammonia. Pour mercury(I) and mercury(II) nitrate 
solutions into separate test tubes. Add 1 ml of a 1 A ammonia solu¬ 
tion to each tube. What do you observe? Note the colour of the 
precipitates. What is their composition? Write the equations of the 
reactions. 

Reaction to Ammonium Ton (Nessler's Reagent). Introduce 5 ml 
of a 0.1 A mercury(II) nitrate solution heated to 80 °C into a 50-ml 
beaker and add 5 ml of a 0.1 A potassium iodide solution. Cool the 
mixture, let the precipitate settle, pour off the solution, and wash 
the precipitate three times with cold water by decantation. Add 0.2 g 
of potassium iodide dissolved in 5 ml of water to the precipitate. 
When the latter dissolves, pour in 3 ml of a 10% sodium hydroxide 
solution and transfer the contents into a dark jar. 

Pour 2 ml of the solution into a test tube and introduce several 
drops of a 1 A ammonia solution with a pipette. What is obtained? 
Write the equations of the reactions. 


SUPPLEMENTARY EXPERIMENTS 
AND SYNTHESES 

1. Preparation of Zinc Amalgam. (Perform the experiment on 
a tray with high sides!) Put two or three small pieces of pure granulat¬ 
ed zinc into a 25-ml porcelain bowl and add 3-4 ml of a 2% mercu- 
ry(II) nitrate solution acidified with 0.3 ml of concentrated nitric 
acid. Stir the mixture during 10 minutes, then pour off the solution 
and wash the zinc with water by decantation until the liquid be¬ 
comes absolutely transparent. Store the zinc amalgam in a jar under 
water. 

See how zinc amalgam reacts with hydrochloric acid. Touch the 
zinc amalgam in the acid with a copper wire. What do you observe? 
What is zinc amalgam used for? 

2. Preparation of a Low-Melting Alloy. Put 0.5 g of cadmium, 
0.05 g of tin, 1 g of lead, and 2 g of bismuth into a dry test tube. Heat 
the metal mixture until it melts and cool it. When the alloy solidi¬ 
fies, pour hot water into the test tube. What is observed? At what 
temperature does the prepared alloy melt? Note the melting point 
of the individual metals which the alloy is composed of. Explain the 
observed phenomenon. 

3. Preparation of Zinc Chloride. Assemble an apparatus (see 
Fig. 61), replacing the funnel with a U-tube containing calcium chlo¬ 
ride. Weigh 1-2 g of pure granulated zinc in a porcelain boat and place 
the latter into a refractory tube. Cover' the outlet end of the tube 
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with asbestos to protect the receiver from being heated. A Wurtz 
tube can be used as the receiver. Fill the calcium chloride tube with 
phosphoric anhydride applied onto glass wool. While passing a stream 
of dry chlorine through the apparatus, heat the place of the reac¬ 
tion tube where the boat with zinc is to 650-700 °C. When all the 
zinc reacts, cool the apparatus in a chlorine stream, next use a Kipp 
gas generator and displace the chlorine with dry carbon dioxide. Re¬ 
move the receiver and rapidly close its opening with a stopper. 

See what happens to the salt in the air. Transfer a small amount 
of the product into a porcelain bowl with water. What do you ob¬ 
serve? Write the equations of the reactions. 

4. Preparation of Zinc Oxychloride. Mix 1 g of zinc oxide with 
a saturated zinc chloride solution containing 1.7 g of anhydrous zinc 
chloride in a porcelain bowl. Put the mixture onto the lid of a cru¬ 
cible and leave it there for several hours. What occurs? Write the 
equation of the reaction. What is zinc oxychloride used for? 

5. Preparation of Zinc Chloride Crystallohydrate. Put 5 g of gran¬ 
ulated zinc into a 50-ml flask, pour in 12 ml of water, and add 13 ml 
of concentrated hydrochloric acid in small portions. When the reac¬ 
tion slows down, place the flask on a warm water bath and bring the 
reaction up to its end. Let the flask with its contents stand up to your 
next lesson. Filter the solution, and test it for the presence of iron(II) 
ions. If the reaction is positive, saturate the solution with chlorine. 
For what purpose? Tightly close the flask containing the reaction 
mixture with a stopper and again let it stand up to your next les¬ 
son. Heat the flask in a water bath and introduce moist zinc oxide 
in small portions up to the complete separation of iron hydroxide. 
How can you determine that the ions of iron have precipitated com¬ 
pletely? 

Strongly acidify the filtered solution with hydrochloric acid and 
evaporate it to a syrupy consistence. Next add an equal volume of 
concentrated hydrochloric acid and let the solution stand for crys¬ 
tallization. Separate the crystals from the mother liquor using a 
funnel with a glass filtering bottom. What is the composition of the 
obtained compound? What happens to the salt when heated? What 
is the reaction of this salt to litmus? Keep the crystals and the moth¬ 
er liquor for following experiments. 

Determining the Melting Point of Zinc Chloride Crystallohydrate. 
Put 1-2 g of zinc chloride crystallohydrate into a test tube, secure 
the latter in a clamp of a stand, and immerse it into a beaker with 
water heated to 40 °C. When the salt melts, introduce a thermometer 
into it (with graduations of 0.1 °C) secured in the stand clamp. Re¬ 
move the burner and watch the dropping of the temperature. Write 
down the readings of the thermometer every 30 seconds. Use these 
data to plot the temperature against the time and establish the melt¬ 
ing point of the zinc chloride hydrate. 
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Prepare zinc bromide and iodide in the same way, using hydro- 
bromic and hydroiodic acids instead of hydrochloric acid. 

6. Use of Zinc Chloride in Soldering. Clean two copper wire ends 
with emery paper and place them on a sheet of asbestos so that they 
are in contact with each other. Put 1-2 g of metallic tin on the asbes¬ 
tos sheet. Heat an electrical soldering iron until it acquires a dark 
red glow, touch the tin with it, and transfer the drop of molten tin 
to the place of contact of the copper wires. What do you observe? 
Did the tin solder the ends of the wires? 

Lower the same copper wire for one minute into the mother liq¬ 
uor from which the zinc chloride crystallohydrate crystallized and 
repeat the above experiment. Did the wires become soldered in this 
case? What underlies the use of a concentrated zinc chloride solu¬ 
tion when metals are soldered? What else can be used to purify a 
metal? 

7. Preparation of Zinc Iodide in Absolute Ether. Assemble an 
apparatus (see Fig. 119a), replacing dropping funnel 4 with a glass 
stopper provided with a ground-glass joint. Put 3 g of powdered zinc, 
5.5 g of freshly sublimed iodine, and 50 ml of absolute ether into 
flask 1. 

Heat the flask until the reaction mixture boils (use an electric 
stove with an enclosed coil and insulate the stove surface from the flask 
with a piece of asbestos!). After the complete disappearance of the io¬ 
dine colour (in 2-2.5 h), pour the solution into a round-bottomed flask 
provided with a gas-discharge tube having a stopcock (see Fig. 
1196). Connect the flask via a cooled receiver to a water-jet pump, 
distil off the major part of the ether at room temperature, after 
which carefully heat the flask in a sand hath. Transfer the substance 
into a weighed weighing bottle. Weigh it and calculate the yield in 
per cent. 

8. Preparation of Zinc Oxyacetate. Put 12.5 g of zinc carbonate 
into a porcelain bowl and add 30 ml of glacial acetic acid. While 
thoroughly stirring, evaporate the mixture on a water bath until 
dry. Again add 30 ml of glacial acetic acid to the dry residue and evap¬ 
orate until dry. 

Transfer the product into a glass test tube with a standard ground- 
glass joint. Connect the tube via the joint to a vacuum pump (Fig. 
138). Heat the tube with the substance in a crucible electrical fur¬ 
nace to 120-130 °C. Hold the substance at this temperature and in a 
vacuum of 10 -1 mmHg during 30 min. After this, raise the tempera¬ 
ture to 300-320 °C. Under these conditions, continue evacuation for 
10-15 min. Gather the crystals deposited in the cold zone of the test 
tube. Transfer them into a weighed weighing bottle, weigh the sub¬ 
stance, and calculate the yield in per cent. Examine the shape of the 
crystals under a microscope. What is the structure of a zinc oxy¬ 
acetate molecule? 
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9. Preparation of Crystalline Cadmium Sulphide. Dissolve 3 g 
of cadmium sulphate in 80 ml of water, add 20 ml of a 1 N sulphuric 
acid solution to the reaction vessel, and pass a stream of hydrogen 
sulphide through it up to complete precipitation of cadmium sul¬ 
phide. Filter off the cadmium sulphide precipitate, wash it several 
times with water saturated with hydrogen sulphide, remove it from 
the filter, and dry it in a drying 
cabinet at 100 °C. 

Prepare a thoroughly ground mix¬ 
ture of 1 g of the cadmium sul¬ 
phide obtained previously, 5 g of 
sulphur, and 5 g of potassium car¬ 
bonate. Transfer the mixture into 
a porcelain crucible, and fuse it at 
the lowest possible temperature. 

Next cool the crucible and treat 
the product with water. Separate 
the prepared cadmium sulphide 
crystals and examine their shape 
with a magnifying glass. 

10. Preparation of Autocomplex 
Cadmium Iodide. Pour 20 ml of 



a 10% cadmium sulphate solution 
into a test tube and lower a plate 
of metallic zinc into it. What do 


Fig. 138. Glass test tube for puri¬ 
fying zinc oxyacetate in vacuum 


you observe? 

After an hour, extract the unreacted zinc. Filter off the separated 
metal through a paper filter, wash it with hot water, and dry it in 
the air. 


Put 2.8 g of iodine, 2.4 g of the freshly precipitated cadmium pow¬ 
der, and 20 ml of water into a 50-ml flask provided with a vertically 
arranged cooler. Boil the reaction mixture up to complete dissolu¬ 
tion of the reactants. Next remove the cooler and boil the contents 


of the flask until the excess iodine is removed (in a fume cupboard!) 
Evaporate the transparent solution in a water bath until crystals 
appear, filter off the latter through a paper filter, and rinse them with 
small portions of cold water. What is the composition of the formed 
substance? 


Dissolve a small amount of the crystals in distilled water and add 
a few drops of silver nitrate. Does silver iodide precipitate? Write 
the equation of the reaction. 

11. Preparation of Cadmium Pigments. Place two thin layers 
(from 0.5 to 1 g) of cadmium carbonate spaced 6 cm apart into the 
middle part of a refractory glass tube 40 cm long and 5 cm in dia¬ 
meter and pass a stream of hydrogen sulphide through the tube. 
When the colour of the first layer changes, heat the place of the reac- 
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tion tube where the second cadmium carbonate layer is to 600- 
700 °C. What is observed? What causes the change in the colour of 
the preparation? Write the equations of the reactions. How are cad¬ 
mium pigments prepared? 

12. Purification of Mercury by Filtration. Take a smooth paper 
filter, puncture its cone three or four times with an ordinary needle, 
and put it into a glass funnel. Put the latter with the filter into a cyl¬ 
inder and transfer 5-6 ml of contaminated mercury onto the filter. 
What happens? What impurities are removed from mercury in this 
way? 

13. Chemical Purification of Mercury. Pour all the mercury puri¬ 
fied in the preceding experiment into a 100-ml separatory funnel, 
and add 20 ml of a 5% mercury(I) nitrate solution acidified with 2 ml 
of a 10% nitric acid solution. Close the opening of the funnel with a 
stopper and shake it for 10-15 minutes. Next pour the mercury out 
of the funnel through a stopcock into a cylinder, pour the washing 
liquid out of the funnel, and wash the latter two or three times with 
distilled water. Again transfer the mercury from the cylinder into 
the funnel and wash it two or three times with distilled water. Drain 
off the metal into a clean reagent jar, remove the water droplets 
from the surface of the mercury with pieces of filter paper, tightly 
close the jar with a stopper, and let it stand on the tray. What im¬ 
purities was the mercury cleaned from in this case? 

14. Preparation of Mercury(I) Nitrate. Put 1 g of metallic mer¬ 
cury into a test tube and add 1.5 ml of a 25% nitric acid solution. 
Let the reaction mixture stand for one or two hours until crystals 
form. Why is this experiment run in excess metallic mercury? Write 
the equation of the reaction. 

15. Preparation of Mercury(II) Nitrate. Pour 5 ml of a 25% nitric 
acid solution onto 0.5 g of metallic mercury and slightly heat the 
reaction mixture. What happens? Dilute the solution with water and 
filter it if required. Evaporate the filtrate slightly in a porcelain bowl 
in a water bath, cool it, and let it crystallize. Filter off the crystals 
through a paper filter and dry them in the air at room temperature. 
What is the composition of the prepared salt? Why is an excess of 
nitric acid used in this case? 

16. Preparation of Mercury(II) Iodide. Prepare a 0.02 N solution 
of mercury(II) nitrate. Boil 2-3 ml of the solution, add an equal vol¬ 
ume of a 0.02 N potassium iodide solution, and let the mixture 
stand to your next lesson. Filter off the precipitate (what is its com¬ 
position?) through a paper filter, wash it with water, and dry it in a 
drying cabinet at 70 °C. What happens to the salt when it is kept in 
the air? 
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TIN, LEAD 

Write the electron configurations of tin and lead atoms. Give exam¬ 
ples of compounds in which tin and lead exhibit various oxidation 
states. Give a general and comparative characteristic of Group four 
elements of Mendeleev’s periodic table. 

30.1 TIN 

Write the equations of the reactions between tin and nitric, sulp¬ 
huric, and hydrochloric acids under various conditions (tempera¬ 
ture, concentration). Does tin dissolve in solutions of alkalies? 

Macrocrystalline Tin. Suspend a strip of tin foil 5-8 cm long 
vertically in a 100-ml beaker. Pour 20 ml of distilled water into the 
beaker. Take with a pipette the same amount of a concentrated tin(II) 
chloride solution acidified with hydrochloric acid, lower the bottom 
edge of the pipette to the bottom of the beaker, and carefully pour 
in this solution so that two layers form. Observe the occurring phe¬ 
nomenon. In which of the two liquid layers do crystals grow? 

Preparation of Tin by Reduction with Zinc. Immerse a plate of 
metallic zinc into a tin(II) chloride solution. What happens? Write 
the equation of the reaction. 

Tin(II) and Tin(IV) Hydroxides. Prepare tin(II) and tin(IV) 
hydroxides in separate test tubes from solutions of tin chlorides. 
What reagent should be used to precipitate the tin hydroxides? 
Do tin hydroxides exhibit amphoteric properties? What tin com¬ 
pounds are known as a- and p-stannic acids? How are they prepared? 
Write the equations of the reactions. 

Sodium Stannite. Add an excess of sodium hydroxide solution 
in small portions to a tin(II) chloride solution. Comment on your 
observations. 

Precipitate bismuth hydroxide, and introduce it into a sodium 
stannite solution. What happens? Write the equations of the re¬ 
actions. What properties of tin(II) compounds are indicated by this 
reaction? 

Prepare a sodium stannite solution, dilute it with water, and let 
it stand to your next lesson. What happens? How can sodium stan¬ 
nite be prepared in an aqueous solution and by a dry technique? 
Is the composition of the sodium stannite obtained in both cases the 
same? Write the equations of the reactions. 

Properties of Tin(II) Chloride. 1. Acquaint yourself with the 
ways of preparing tin(II) and tin(IV) chlorides (see Supplementary 
Experiments and Syntheses 5 and 6, p. 268). Which of these com¬ 
pounds should hydrolyze to a greater extent? 
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2. Pour 1-2 ml of a tin(II) chloride solution into each of two test 
tubes. Add a little bromine water to the first tube. How does the col¬ 
our of the solution change? Add sulphurous acid to the second tube. 
What do you observe? Write the equations of the reactions. What 
properties of tin(II) compounds do these reactions indicate? 

Tin(II) and Tin(IV) Sulphides. Pass a stream of hydrogen sulphide 
through hydrogen chloride solutions of tin (I I) and tin(IV) chlorides 
in separate test tubes. What is the colour of the sulphide precipi¬ 
tates? Write the equations of the reactions. 

Explain the different reaction of ammonium sulphide and poly¬ 
sulphide with tin(II) sulphide and tin(IV) sulphide. 


30.2 LEAD 

Lead compounds are poisonous, therefore after running experiments 
with lead compounds thoroughly wash your hands with warm water and 
soap. 

Preparation of Lead by Displacement with Zinc. Pour several 
millilitres of a lead acetate solution into a test tube and lower a 
zinc plate into it. What is observed? Write the equation of the re¬ 
action. In which acids does lead dissolve best of all? 


OXIDES AND HYDROXIDES 

What is the composition of litharge, massicot, lead(IV) oxide, and 
minium? Under what conditions do they form? What is their struc¬ 
ture? What are the oxidation states of lead in these oxides? 

1. Put a small amount of lead(II) oxide into one test tube, of 
lead(IV) oxide into a second one, and of minium into a third one. Pour 
3-5 ml of concentrated hydrochloric acid into each of the tubes. Stir 
their contents and heat them. What do you observe? What gas 
evolves. Write the equations of the reactions. What properties do 
lead(IV) oxide and minium exhibit in this reaction? 

2. Perform a similar experiment, using a 10% nitric acid solution 
instead of the hydrochloric acid. Write the equations of the reac¬ 
tions. 

3. Introduce 0.5 g of lead(IV) oxide into a 0.1 N manganese sul¬ 
phate solution acidified with a 10 % sulphuric acid solution and heat it. 
Let the precipitate settle. What is the change in the solution’s colour 
due to? Write the equation of the reaction. Will a similar reaction 
proceed with lead(II) oxide and minium? 

Lead(II) and Lead(IY) Hydroxides. What properties do lead(II) 
and lead(IV) hydroxides have? Write the formulas of sodium plum- 
bites formed in aqueous solutions and prepared by a “dry” technique. 
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SALTS AND THEIR PROPERTIES 

Lead Iodide. Add a potassium iodide solution to one of lead 
acetate. What is observed? Pour off a part of the solution with the 
precipitate (about 1 ml) into a beaker, add 10-15 ml of water acidi¬ 
fied with acetic acid, and heat the solution. What is its colour? Cool 
the solution. Explain the observed phenomena. Compare the solu¬ 
bility of lead iodide and chloride in water. How does it change with 
the temperature? 

Basic Lead Carbonate (White Lead). Dissolve 1 g of lead acetate 
in 6 ml of water, introduce 0.5 g of lead(II) oxide into the solution 
in small portions while stirring it, and heat the mixture. What 
happens? 

Pass a stream of carbon dioxide into the basic lead acetate solu¬ 
tion obtained. What is the composition of the precipitate? Write the 
equations of the reactions. 

What is the composition of zinc white and titanium white? Which 
white paint has better properties—a better hiding ability and an un¬ 
changing colour—when exposed to the air for a long time? Under what 
conditions is normal lead carbonate prepared (compare with mag¬ 
nesium carbonate)? 

Lead Sulphide. Prepare lead sulphide by precipitating it from 
an aqueous solution of lead acetate, pour the solution off the pre¬ 
cipitate, and treat the latter with a dilute nitric acid solution. 
What is obtained? Write the equations of the reactions and explain 
their course. 

Add hydrogen peroxide to the lead sulphate precipitate in a test 
tube and shake it vigorously. What changes do you observe? Write 
the equation of the reaction. Does lead form sulphosalts? Why is 
lead acetate, and not another salt, used in all the reactions? 


SUPPLEMENTARY EXPERIMENTS 
AND SYNTHESES 

1. Preparation of Tin by Reduction with Charcoal. Prepare a mix¬ 
ture of 2.5 g tin(IV) oxide, 1 g of charcoal, and 0.5 g of ammonium 
carbonate. Transfer the mixture into a crucible and roast it in a 
muffle furnace. Write the equation of the reaction. Transfer the ob¬ 
tained bead into another crucible and fuse it with borax. After cooling, 
break the crucible and wash off the borax with hot water. 

2. Preparation and Properties of Tin(II) Oxide. Add an aqueous 
solution of ammonia to 10 ml of a tin(II) chloride solution up to the 
complete precipitation of tin(II) hydroxide. Pour off the mother li¬ 
quor, wash the precipitate by decantation, filter it off, and dry it 
in a drying cabinet at 70-80 °C. 
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Place dry tin(II) hydroxide in a porcelain boat into a refractory 
tube connected to a Kipp gas generator charged with marble and hy¬ 
drochloric acid. Displace the air from the apparatus with a stream of 
dry carbon dioxide, and by gradually heating the tube with the 
flame of a gas burner, roast the tin(II) hydroxide up to the complete 
removal of water vapour. 

When the substance is dehydrated, remove the boat and spill out 
the tin(II) oxide into a heated porcelain bowl. What do you ob¬ 
serve? What is the colour of tin(II) and tin(IV) oxides? What oxidation 
state do the most stable tin compounds correspond to? 

3. Preparation of a-Stannic Acid. Add a 10% ammonia solution 
to a tin(IV) chloride one up to complete precipitation. Wash the pro¬ 
duct with water by decantation until the chloride ions are removed 
and filter it off on a Buchner funnel. Test the reaction of a-stannic 
acid with water, acids, and alkalies. Do the properties of this acid 
remain the same after prolonged standing or boiling? Perform the 
relevant experiments. 

4. Preparation of (1-Stannic Acid. Treat 0.5 g of tin with a 40- 
50% nitric acid solution with heating. What do you observe? Thor¬ 
oughly wash the precipitate with water by decantation. See how 
P-stannic acid reacts with alkalies and acids. Compare the chemical 
activity of a- and P-stannic acids. 

5. Preparation of Tin(II) Chloride. Put 2 g of tin into a porcelain 
bowl and treat it while heating with 20 ml of a 24% hydrochloric 
acid solution. Put small pieces of platinum into the bowl. Why 
does the tin dissolve more rapidly in the presence of plati¬ 
num? 

Evaporate the solution up to the beginning of crystallization. 
Filter off the crystals. What is their composition? Write the equa¬ 
tion of the reaction. Study the properties of tin(II) chloride. 

6. Preparation of Tin(IV) Chloride. Assemble an apparatus as 
shown in Fig. 139 and thoroughly dry it (for what purpose?). Put 
4-5 g of metallic tin or 6-8 g of anhydrous tin(II) chloride into 25-ml 
Wurtz flask 1. Pass a stream of dry chlorine through the apparatus. 
When flask 1 becomes filled with chlorine, slightly heat it. What do 
you observe? Continue heating if the reaction stops. What is the 
colour of tin(IV) chloride due to? How can it be purified? 

Determine the boiling point of tin(IV) chloride (see Fig. 20). 
Distil off the tin(IV) chloride into a drawn out test tube and ( care¬ 
fully , wear eye protection!) seal it. Test how tin(IV) chloride reacts 
with water. 

7. Preparation of Chlorostannic Acid. Pour concentrated hydro¬ 
chloric acid into tin(IV) chloride in a proportion of 28 parts by mass 
of hydrogen choride to 100 parts by mass of the tin chloride. Cool 
the solution and pass a stream of dry hydrogen chloride into it un¬ 
til its absorption stops. Test the reaction of chlorostannic acid with 
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water. Add a solution of a potassium salt to one of chlorostannic acid. 
What do you observe? Write the equation of the reaction. 

8. Preparation of Ammonium Chlorostannate. Prepare a 60% 
tin(IV) chloride solution in concentrated hydrochloric acid and add 
to it a warm saturated solution containing an equimolecular amount 
of ammonium chloride. Cool the solution with a mixture of ice and 
sodium chloride, filter oft the crystalline precipitate using a glass 
filter No. 3, and wash the precipitate on the filter with the smallest 
possible amount of concentrated hydrochloric acid cooled to 0 °C. 



Dry the compound in the air, next transfer it into a previously weighed 
weighing bottle, weigh it, and calculate the yield in per cent. 

9. Soldering. Preparation of a Low-Melting Solder (Quick Solder). 
Weigh 6.3 g of tin and 3.7 g of lead on a technical chemical balance. 
Transfer the lead into an iron bowl or porcelain crucible and heat 
it up to complete melting, then add the tin. What are the melting 
points of tin and lead? Carefully mix the alloy with an iron rod and 
then pour it into a wooden or iron mould. Check the melting point 
of the alloy. Acquaint yourself with the melting diagram of the lead- 
tin system. 

Preparation of Metal Surfaces for Soldering. Prior to soldering, 
thoroughly clean the surface of the metal with a file or emery paper. 
Such surface cleaning is not needed when soldering tinplate. Large 
metallic surfaces to be soldered should first be tinned. To do this, 
heat the metal article on the flame of a burner (300-350 °C), spread 
ammonium chloride over the surface to be soldered (for what pur¬ 
pose?), put a piece of tin on it, and spread the tin over the metal 
surface with an asbestos wad. 
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Preparation of the Soldering Iron. Clean the surface of the solder¬ 
ing iron bit (tip). To do this, heat the iron and then press it firmly 
against a piece of ammonium chloride. Touch a piece of solder with 
the cleaned end of the soldering iron. If the surface of the bit is cle¬ 
an, the solder readily “tins” the iron. 

Preparation of a “ Soldering ” Solution (Flux). Dissolve 4 g of zinc 
chloride (the anhydrous salt) and 1.5 g of ammonium chloride in a 
small amount of water. Add water up to 100 ml. What is this solu¬ 
tion used for? 

Soldering. Wet the surfaces to be soldered (the seam) with the 
soldering solution. Heat the soldering iron to a temperature higher 
than the melting point of the solder. If the soldering iron being used 
is not an electrical one, heat it from its blunt end until the flame ac¬ 
quires a green colour. Press the bit of the iron against a piece of am¬ 
monium chloride or immerse it for an instant into a bowl with the 
soldering solution; rosin can also be used. Touch a piece of solder 
with the iron, pick up a small amount of the solder, and bring it 
into contact with the seam, moving it to and fro while slightly press¬ 
ing on the iron up to uniform distribution of the solder. If large 
surfaces are being soldered, it is better to preliminarily fasten them 
with wire. Let the solder cool completely because at a temperature 
close to its solidification point solder is very brittle. Excess solder 
can be removed with a file. 

10. Preparation of Lead. a. Thoroughly mix 5 g of lead(II) oxide 
and 0.5 g of finely ground charcoal. The lead(II) oxide must be pre¬ 
liminarily dried in a drying cabinet at 100 °C, and the charcoal roast¬ 
ed in an iron crucible covered with a lid. Put the mixture into a 
porcelain crucible, spill charcoal over it, and roast it in a muffle 
furnace at 800 °C. After 10 or 15 minutes, mix the contents of the 
crucible with a carbon rod and again roast them during 30 minutes. 
Pour out the molten lead onto a chamotte dish. Cool the metal bead 
and keep it for following experiments. Calculate the yield in per 
cent. Write the equations of the reactions. 

b. Pour a little lead acetate solution into a test tube and lower a 
narrow zinc strip into it. What is observed? Write the equation of 
the reaction. 

11. Properties of Lead. Heat a small piece of metallic lead in 
a porcelain crucible with the flame of a gas burner. What changes are 
observed? Write the equation of the reaction. 

Test the reaction of dilute and concentrated hydrochloric, nitric, 
and acetic acids, and also of a 10% sodium hydroxide solution with 
metallic lead (in the cold and with heating). Explain the occurring 
phenomena and write the equations of the reactions. 

12. Preparation of Lead(II) Oxide (Yellow and Red Modifications). 
Fill two small boats with lead carbonate and roast them in a stream 
of dry nitrogen, one at 490 °C and the other at 650 °C until carbon 
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dioxide stops evolving. What substances are obtained? In what do 
they differ from each other? What is the application of lead(II) ox¬ 
ide in engineering? Test the reaction of lead(II) oxide with solutions 
of acetic and nitric acids and an alkali solution. Write the equations 
of the reactions. 

13. Preparation of Lead(II) Acetate (Lead Sugar). Dissolve 3 g 

of lead(II) oxide in a calculated amount of a hot 50% acetic acid 
solution. Filter the solution, and add 1 ml of acetic acid with the 
same concentration to the filtrate. Evaporate the latter up to half of 
its initial volume and let it stand for crystallization. Separate the 
crystals from the mother liquor on a Buchner funnel and wash them 
with small portions of ethanol, and then with ether (for what pur¬ 
pose?). What is the composition of the product? 

Heat a small part of the crystals in a dry test tube, first carefully, 
and then more strongly (280 °C). What happens to the lead acetate 
in the air and when heated? Can lead sugar be dried in a desiccator 
over sulphuric acid? 

Wet several strips of filter paper with a lead acetate solution, put 
them on glass, and let them dry in the air. Introduce the dried paper 
into the flame of burner. What happens? What is lead acetate used 
for? Keep the remaining salt for following experiments. 

14. Preparation and Properties of Lead(IV) Oxide, a. Prepare 
a saturated transparent solution of chlorinated lime and a solution 
of 3 g of lead acetate in 5 ml of water. Add an equal volume of a 
lead acetate solution heated to 50 °C to the first solution while stir¬ 
ring it. Heat the reaction mixture to 100-110 °C. Wash the precipi¬ 
tate first with water by decantation, and next with a dilute nitric 
acid solution (what ions are washed off here?). Filter off the product, 
again wash it two or three times on the funnel with water and dry it 
at 100 °C. Keep the preparation. Write the equation of the reac¬ 
tion. 

b. Spill a little lead(IV) oxide into a hydrogen peroxide solution. 
Explain the observed phenomenon. 

c. Introduce a little lead(IV) oxide into a 0.1 N manganese sul¬ 
phate solution acidified with a 10% sulphuric acid solution and heat 
it. Explain the change in the solution’s colour. What properties 
does lead(IV) oxide have? Write the equation of the reaction. Can 
manganese sulphate be replaced with the chloride to run this ex¬ 
periment? 

15. Preparation and Properties of Red Lead Oxide (Minium), a. 

Roast 2-3 g of lead carbonate at 450-500 °C in a porcelain bowl. When 
decomposition of the salt terminates, roast the substance at the 
same temperature for another two or three hours. Next transfer the 
product into a beaker and boil it several times with a lead acetate 
solution. Pour off the solution from the precipitate, filter off the 
latter, wash it with hot water, and dry it in a drying cabinet at 
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100 °C. What is the appearance and composition of the substance? 
Write the equation of the reaction. 

b. Heat 0.5 g of the red lead oxide prepared in the preceding exper¬ 
iment in a refractory test tube first carefully, and then at 600 °C. 
Lower a glowing splinter into the tube. How does red lead oxide be¬ 
have when roasted? Write the equation of the reaction. At what tem¬ 
perature can oxygen of the air combine with lead(II) oxide? 

c. Add concentrated hydrochloric acid to a small amount of red 
lead oxide in a test tube. What is obtained? Write the equation of 
the reaction. 

16. Preparation of Ammonium Hexachloroplumbate. Grind 2.5 g 
of lead chloride in a mortar with 5 ml of concentrated hydrochloric 
acid (in a fume cupboard!). Pour the formed solution together with 
the suspension of fine crystals into a beaker, again grind the lead 
chloride remaining in the mortar with hydrochloric acid, and so on. 
To extract the lead chloride, 50 ml of concentrated hydrochloric 
acid are needed. Transfer the solution from the beaker into two wash 
bottles and pass a stream of chlorine through them during two or 
three hours. Filter off the undissolved precipitate. Pour the filtrates 
into a 100-ml flask. Cool the contents of the flask to 0 °C, and next 
add a solution of 2 g of ammonium chloride in 20 g of water also 
cooled to 0 °C. Let the flask stand for two or three hours in a cooling 
mixture. Transfer the crystals separated from the solution onto a 
funnel with a porous glass bottom, filter them off, wash them with 
10 ml of cooled ethanol, and dry them in a drying cabinet at 50 °C. 
Transfer a small amount of the crystals into a test tube and treat 
them with water. What do you observe? Write the equations of the 
reactions. Keep the salt for preparing lead tetrachloride. 

17. Preparation of Lead Tetrachloride. Thoroughly mix 1 g of 
ammonium hexachloroplumbate with 3 g of concentrated sulphuric 
acid cooled to 0 °C. Separate the heavy drops of oily liquid formed 
from the reaction mixture. What are these oily drops? Write the 
equations of the reactions. 

18. Preparation of Lead Tetraacetate. Assemble an apparatus (see 
Fig. 119a), replacing the cooler with a thermometer. Pour 55 ml of 
glacial (frozen out twice) acetic acid and 17 ml of freshly distilled 
acetic anhydride (d 20 = 1.0820) into three-neck flask 1. Heat the 
mixture in the flask in a water bath up to 40 °C. Stop the heating and 
introduce 30 g of red oxide (minium) from test tube 4 in small por¬ 
tions while vigorously stirring. Preliminarily triturate the red lead 
oxide and thoroughly dry it at 200 °C for 2.5 hours. Introduce the 
oxide into the flask at a rate such that the temperature of the re¬ 
action mixture does not rise above 50 °G. Why? If the flask does get 
heated strongly, cool it in a bath with cold water, and when the 
temperature lowers heat it to 50 °C to complete the reaction. 

Cool the reaction mixture in the flask to 0 °C. Disconnect mixer 3 
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from the flask, close its neck with a stopper, remove test tube 4, 
and rapidly decant the mother liquor from the crystals. Filter off the 
crystals using a Buchner funnel in a stream of dry nitrogen (see 
Fig. 646). Rinse the crystals with glacial acetic acid and dry them 
in a desiccator over phosphoric anhydride. Transfer the substance 
into a weighed weighing bottle and weigh it. Calculate the yield in 
per cent. 

To produce an additional amount of the lead tetraacetate, again 
transfer the mother liquor into flask 1 and pass a stream of dry chlo¬ 
rine through it, heating the solution to 80 °C with thorough stirring. 
Pass the chlorine through the flask until lead chloride crystals stop 
separating. 

Separate the precipitate using a funnel for hot filtration. Cool the 
filtrate to 0 °C. Separate the crystals formed as described above and 
combine them with the first portion. 


ARSENIC, ANTIMONY, BISMUTH 

Write the electron configurations of the arsenic subgroup elements. 
Find the values of the standard electrode potentials of these ele¬ 
ments. In what acids and under what conditions do they dissolve? 

31.1 ARSENIC 

Perform all the experiments in the presence of your instructor. Arsen¬ 
ic compounds are very poisonous even in minimal doses! Perform all 
work with arsenic compounds in a fume cupboard! Pour residues of so¬ 
lutions into special jars and hand them in to the laboratory assistant. 
After completing work, thoroughly wash the ware in which the experi¬ 
ments were run. Wash your hands with soap. 

Preparation of Arsenic. Put a small amount of a mixture of arse¬ 
nous acid anhydride with coal into a short glass tube sealed at one 
end and heat the mixture strongly in the flame of a burner. What do 
you observe? Write the equation of the reaction. 

Preparation of Arsenic Hydride (Arsine). Perform this experiment 
only if there is a strong draught in the fume cupboard! 

To prepare arsenic hydride, assemble an apparatus as shown in 
Fig. 140 and perform this experiment as described under the heading 
“Preparation of Antimony Hydride” in Sec. 31.2. Write the equations 
of all the reactions proceeding in this experiment and explain them. 

Arsenous Acid Anhydride. 1. Pour 2-3 ml of water into a test 
tube, add about 0.1 g of arsenous acid anhydride, and heat the reac¬ 
tion mixture. Does the arsenous acid anhydride dissolve complete- 




274 


Arsenic, Antimony, Bismuth 


ly? Write the equation of the reaction. Divide the contents of the 
test tube into two parts and keep them for the following experiments. 

2. Add a sodium hydroxide solution to one part of the obtained 
mixture and heat it. What happens? Write the equation of the rea¬ 
ction. 

3. Treat a part of the liquid containing the arsenous acid anhydride 
with 3-4 ml of concentrated hydrochloric acid and heat the mixtu¬ 
re {in a fume cupboard!). What do you observe? Identify the solute. 



Fig. 140. Apparatus for preparing antimony hydride 


What ions are present in an aqueous solution of arsenous acid an¬ 
hydride? Write the equations of the reactions. 

4. Pour a sodium arsenite solution into two test tubes, add a sil¬ 
ver nitrate solution to one of them and iodine water to the other. 
What is observed? Write the equations of the reactions. What prop¬ 
erties of arsenous acid are revealed by the performed experiments? 

Arsenic Acid. Put 0.1 g of arsenous acid anhydride into a porce¬ 
lain bowl with 5 ml of concentrated nitric acid and heat the mixture 
{in a fume cupboard!) on the small flame of a burner until the evolu¬ 
tion of nitrogen oxides terminates and the arsenous acid anhydride 
dissolves completely. By adding water and evaporating until dry 
(on a small burner flame), remove the excess nitric acid. What is 
the composition of the solid product? Write the equation of the re¬ 
action. 

Dissolve the product in water and treat the solution with silver 
nitrate. What is the composition of the precipitate? Write the equa¬ 
tion of the reaction. 

Arsenic(III) and Arsenic(V) Sulphides. Pass a stream of hydrogen 
sulphide into sodium arsenite and sodium arsenate solutions. What 
happens? Run similar experiments with acidified solutions of the 
same salts. What do you observe in this case? Write the equations 
of the reactions and explain the occurring phenomena. 

Arsenic(III) and Arsenic(V) Thiosalts. Filter off the arsenic sul¬ 
phides obtained and test their solubility separately in ammonium 
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sulphide and polysulphide. Write the equations of the reactions. 
What is observed when the solutions are acidified with hydrochloric 
acid? Write the equations of the reactions. 

31.2 ANTIMONY 

Preparation of Antimony Hydride (Stibine). (The experiment is 
prepared by one student and demonstrated to the class.) Perform 
the experiment in a fume cupboard! To prepare antimony hydride, 
assemble an apparatus (Fig. 140). Put 25-30 small pieces of granulat¬ 
ed zinc and 50-70 ml of a 20% sulphuric acid solution into Wurtz 
flask 1. After all the air is displaced from the apparatus (test the pu¬ 
rity of the hydrogen), heat the middle of refractory tube 2. Does a 
deposit form on the glass? Light the evolving hydrogen and put the 
lid of a crucible in the hydrogen flame. What is observed? Explain 
the significance of these preliminary tests. 

Extinguish the burning hydrogen and when the apparatus cools, 
introduce 1-2 ml of an antimony compound solution into flask 1 
via funnel 3. Again test the purity of the hydrogen evolving from 
the apparatus. Light the hydrogen evolving from the apparatus and 
heat the tube at its middle. What do you observe? What is the col¬ 
our of the flame? Hold a crucible lid in the flame, and give attention 
to the antimony deposit formed on it. Treat the substance obtained 
on the crucible lid with a solution of sodium hypochlorite or calci¬ 
um hypochlorite (chlorinated lime). What is observed? Does arsen¬ 
ic dissolve under these conditions? Write the equations of all the 
reactions proceeding in this experiment and explain them. 

Compare the properties of antimony hydride with those of similar 
compounds of arsenic, phosphorus, and nitrogen (the thermal sta¬ 
bility, reducing properties, etc.). 

Antimony(III) Oxide. 1. Take 10 ml of an antimony trichloride 
solution acidified with hydrochloric acid and add a sodium carbonate 
solution up to a weakly alkaline reaction. What is observed? Heat, 
the reaction mixture until the carbon dioxide bubbles stop evolving. 
Let the precipitate settle, and wash it several times with hot water 
by decantation. 

2. Test the reaction of antimony(III) oxide with water, solutions 
of hydrochloric and tartaric acids, and also with solutions of alka¬ 
lies. Write the equations of the reactions. Is antimony(III) oxide 
acidic, amphoteric, or basic? 

3. Test a sodium antimonite solution with silver nitrate. What pre¬ 
cipitates? What properties does antimony(III) exhibit in this rea¬ 
ction? 

Properties of Antimony(Y) Oxide. Put a little antimony(V) oxide 
into two test tubes and test its reaction with a 10 % sodium hydrox¬ 
ide solution and with concentrated hydrochloric acid. What do you 
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observe? Write the equations of the reactions. In what way can anti¬ 
mony^) oxide be prepared? 

Antimony(III) and Antimony(V) Sulphides and Thiosalts. Prepare 

antimony(III) and antimony(V) sulphides and see how they react 
with ammonium sulphide and polysulphide. Write the equations of 
the reactions. What happens when the prepared solutions of anti¬ 
mony thiosalts are acidified? 

31.3 BISMUTH 

Preparation. Prepare bismuth by reducing a solution of its salt 
with zinc and test the reaction of the bismuth prepared with acids. 
Under what conditions can bismuth be prepared from its compounds 
by using tin(II) compounds as the reducing agent? Write the equa¬ 
tions of the reactions. 

Properties of Bismuth(III) Compounds. 1. What happens when 

bismuth salts react with water? How can transparent solutions of 
bismuth(III) salts be prepared? 

2. Prepare bismuth(III) hydroxide and bismuth(III) sulphide 
and study their properties. Does bismuth form thiosalts? Write 
the equations of the reactions. 

Preparation and Properties of Bismuth (V) Compounds. 1. Precip¬ 
itate bismuth(III) hydroxide in a test tube and treat it with a satu¬ 
rated potassium persulphate solution (2-3 ml) while heating it. 
What happens? Write the equation of the reaction. Wash the preci¬ 
pitate three times with water by decantation. 

2. Prepare a solution containing one or two drops of a 10% man¬ 
ganese nitrate solution, one or two drops of a concentrated nitric 
acid solution, and two or three drops of water in a test tube. Cool 
the solution and introduce a potassium bismuthate powder into it. 
What do you observe? What properties of bismuth(V) compounds 
-does the given reaction indicate? Write the equation of the reaction. 

Compare the acid-basic, reducing, and oxidizing properties of 
arsenic, antimony, and bismuth hydroxides. 


SUPPLEMENTARY EXPERIMENTS 
AND SYNTHESES 

1. Preparation of Antimony. Put a thoroughly dried mixture of 
12 g of antimony sulphide, 5 g of reduced powdered iron, 1.5 g 
of sodium sulphide, and 0.5 g of powdered charcoal into a chamotte 
or porcelain crucible and roast it in a muffle furnace at 800 °C. After 
the entire mixture softens, continue the heating for another 20- 
30 minutes. Next cool the crucible, break it, and extract the anti¬ 
mony bead. 
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Test the reaction of metallic antimony with hydrochloric, sul¬ 
phuric, and nitric acids. What position does antimony occupy in 
the electrochemical series of the metals? 

2. Preparation of Antimony(V) Oxide. Treat 0.25 g of powdered 
metallic antimony with 2-3 ml of concentrated nitric acid in a por¬ 
celain bowl while heating it in a water bath. Consider oxidation to 
be completed if a sample of the obtained white powder dissolved in 
an alkali will not reduce an ammonia solution of silver. When oxi¬ 
dation is completed, dilute the reaction mixture with water and 
separate the precipitate by decantation. Dry the precipitate in a 
water bath until it is dry, and then in a sand bath (275 °C). What is 
observed when it is treated with concentrated hydrochloric acid and 
a sodium hydroxide solution? Write the equations of the reactions. 
How can antimony(III) oxide be prepared? 

3. Preparation of Antimony(III) Iodide. (Perform the experiment 
in the presence of your instructor in a fume cupboard, away from a 
flame!) Assemble an apparatus (see Fig. 119a). Place 1 g of finely tri¬ 
turated metallic antimony into a three-neck flask and add 25 ml 
of benzene. Prepare a solution of 4 g of iodine in 75 ml of benzene 
and pour it into dropping funnel 4. Heat the mixture in flask 1 
in a water bath with stirring until it boils (use an electrical store with 
an enclosed coil!). 

Drop in the iodine solution from dropping funnel 4 while heating. 
Continue the heating for another 1-1.5 hours up to complete disso¬ 
lution of the antimony. Let the solution stand overnight in the ap¬ 
paratus and on the following day filter off the crystals of antimony (III) 
iodide. If no crystals precipitated and unreacted antimony remains, 
heat the solution and filter it while hot through a paper filter on a 
funnel for hot filtration. 

Evaporate the solution (in a fume cupboard, away from a flame!) 
on a water bath until a film appears. Cool the solution to room tem¬ 
perature. Filter off the formed crystals using a glass filter No. 3. 

Put the antimony(III) iodide crystals in a porcelain boat into 
the end of a quartz tube (60-70 cm long) heated by a tubular electric 
furnace. Pass a stream of dry carbon dioxide (nitrogen or argon may 
also be used) through the tube, raise its temperature to 200 °C, and 
maintain it during 30-40 minutes. Cool the apparatus and transfer 
the crystals gathered in the cold end of the tube into a weighed 
weighing bottle, weigh it, and calculate the yield in per cent. 

4. Preparation of Bismuth and Studying of Its Properties. (Perform 
the experiment in the presence of your instructor, wear eye protection or 
a protective mask!) Prepare bismuth by reducing 0.5 g of bismuth(III) 
oxide with hydrogen similar to the preparation of metallic nickel 
or iron. Perform the reduction at 240-270 °C. 

See how the bismuth prepared reacts with dilute and concentrated 
hydrochloric, sulphuric, and nitric acids. 



278 


Appendices 


APPENDIX 1. SELECTED TABLES 


Table 1 . SOLUBILITY OF SALTS IN 100 g OF SOLUTION CALCULATED 

FOR THE ANHYDROUS SALT 


t, °c 

Amount of 
anhydrous 
salt, % 

Solid phase 

t, °c ^ 

Amount of t 
anhydrous 1 
salt, % 

Solid phase 

0 

10 

20 

30 

40 

50 

60 

80 

100 

Al 2 (S0 4 ) 3 

A1 2 (S0 4 ) 3 -18H 2 0 

0 

10 

20 

30 

40 

50 

60 

70 

80 

100 

NH 4 C1 

NH 4 C1 

23.8 

25.1 

26.6 

28.8 

31.4 

34.3 

37.1 

42.2 

47.1 

23.0 

25.1 

27.1 

29.3 

31.5 

33.5 

35.6 

37.6 

39.6 

43.6 


nh 4 no 3 



nh 4 hco 3 





0 

10.9 


0 

54.2 


10 

13.7 

nh 4 hco 3 

20 

63.9 


20 

17.5 


30 

70.8 


30 

21.3 


40 

74.8 

nh 4 no 3 

40 

24.2 


50 

78.0 


50 

30.0 


60 

80.2 





70 

83.7 





80 

85.9 



(NH 4 ) 2 C0 3 


90 

88.1 





100 

91.0 








15 

20.0 





20 

22.5 

(NH 4 ) 2 C0 3 -H 2 0 




30 

27.2 



(NH 4 ) 2 S0 4 


50 

33.5 






FeS0 4 


0 

41.4 





io 

42.2 





20 

43.0 



15.5 


30 

43.8 

(NH 4 ) 2 S0 4 

10 

17.0 


40 

44.8 



21.0 


50 

45.8 


Kill; 

24.9 

FeS0 4 -7H 2 0 

60 

46.8 


40 

28.7 


70 

47.9 



32.7 


80 

48.8 


60 

35.5 

FeS0 4 -4H 2 0 

90 

49.8 


80 

30.4 


100 

50.8 


90 

27.5 

FeS0 4 -H 2 0 
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Table 1, continued 
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Table 1, continued 


m 

Amount of 
anhydrous 
salt, % 

Solid phase |j 

0 

Na 2 S0 4 

4.5 


10 

8.2 


15 

11.7 

Na 2 SO 4 -10H 2 O f 

20 

16.1 

25 

21.9 


30 

28.8 


32,38 

33.2 


40 

32.5 


50 

31.9 


70 

30.5 

Na 2 S0 4 

90 

30.0 

100 

29.9 


0 

16.4 


10 

23.4 

Na 2 S0 4 -7H 2 0 

16 

30.9 

Unstable phase 

24 

34.1 

0 

Na 2 B 4 0 7 

1.18 


10 

1.76 


20 

2.58 

Na^O,- 10H 2 O 

30 

3.85 

40 

6.0 


50 

9.55 


60.8 

16.65 


70 

19.49 

Na 2 B 4 0,-5H 2 0 

80 

23.38 

90 

28.37 


100 

34.63 


0 

Na 2 C0 3 

6.6 

Na 2 CO 3 -10H 2 O 

20 

17.8 

40 

33.2 


60 

31.7 

IN *H 2 0 

88.4 

31.1 

■ - - 

NaHCOg 


Cl 

6.45 



7.58 



8.76 

NaHC0 3 

so 

12.67 


14.09 

. 



t, °c 

Amount of 
anhydrous 
salt. % 

Solid phase 

i 


NaCl 


0 

26.21 


25 

26.54 

NaCl 


26.81 



27.14 



27.65 



28.38 



NaC10 s 



45.1 


15 

47.6 

NaC10 3 

20 

49.7 


40 

56.5 


60 

59.5 


80 

63.6 


100 

67.1 



NaC10 4 



62.87 

NaC10 4 -H 2 0 

25 ! 

67.82 


Em 

73.26 

NaC10 4 

75 

75.01 



NiS0 4 


0 

21.4 

NiS0 4 -7H 2 0 

15 

25.5 


30 

29.8 

NiS0 4 -6H 2 0 

44.7 

32.4 


50 

33.4 


60 

35.4 


70 

37.3 

NiS0 4 -4H 2 0 

80 

38.7 


99 

43.4 



Ni(NO s ) 2 


n 

44.3 

Ni(N0 3 ) 2 -6H 2 0 


49.1 


Et» 

54.8 


55 

61.1 


70 

63.9 

Ni(N0 3 ) 2 -4H 2 0 

95 

77.2 

Ni(N0 3 ) 2 -2H 2 0 

i 
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Table 1, concluded 


t, °c 

Amount of 
anhydrous 
salt, % 

Solid phase 

t, °c 

Amount of 
anhydrous 
salt, % 

Solid phase 

Bia 

Pb(N0 3 ) 2 

Pb(N0 3 ) 2 

30 

40 

50 

Pb(CH s COO ) 2 


26.7 

30.8 

34.3 

41.0 

46.8 

51.8 

56.0 

41.02 

53.79 

68.85 

0 

15 

45 

100 

Pbl 2 

0.044 

0.061 

0.145 

0.434 

Pbl 2 

o 

10 

20 

25 

Pb(CH 3 COO ) 2 

Pb(GH 3 COO ) 2 

16.45 

22.65 

30.68 

35.26 

0 

15 

45 

100 

PbCl 2 

0.64 

0.91 

1.55 

3.20 

PbCl 2 


Table la. SOLUBILITY OP ACIDS IN 100 g OF SOLUTION CALCULATED 
FOR THE ANHYDROUS ACID 


t> °G 

Amount of anhydrous acid, % 

Solid phase 


H s BO s 


0 

2.50 


10 

3.52 


25 

5.44 

h 3 bo 3 

50 

10.22 

70 

15.75 


100 

27.52 



H 2 C 2 O 4 


0 

3.42 


20 

8.69 

H 2 C 2 0 4 -2H 2 0 

50 

23.9 


70 

37.9 
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Table 2. DENSITY OF SOLUTIONS OF SELECTED ACIDS 


Content of 
acids, % 

| Density of solutions, g/ml (15 °C) 

H 2 S0 4 

j HN0 3 

| HCl j 

CH 3 COOH 

4 

1.027 

1.022 

1.019 

1.0052 

8 

1.055 

1.044 

1.039 

1.0113 

12 

1.083 

1.068 

1.059 

1.0171 

16 

1.112 

1.093 

1.079 

1.0228 

20 

1.143 

1.119 

1.100 

1.0284 

24 

1.174 

1.145 

1.121 

1.0337 

28 

1.205 

1.171 

1.142 

1.0388 

32 

1.233 

1.198 

1.163 

1.0436 

36 

1.273 

1.225 

1.183 

1.0481 

40 

1.307 

1.251 

— 

1.0523 

44 

1.342 

1.277 

— 

1.0562 

48 

1.380 

1.303 

— 

1.0598 

52 

1.419 

1.328 

— 

1.0631 

56 

1.460 

1.351 

— 

1.0660 

60 

1.503 

1.373 

— 

1.0685 

64 

1.547 

1.394 

— 

1.0707 

68 

1.594 

1.412 

— 

1.0725 

72 

1.640 

1.429 

— 

1.0740 

76 

1.687 

1.445 

— 

1.0747 

80 

1.732 

1.460 

— 

1.0748 

84 

1.776 

1.474 

— 

1.0742 

88 

1.808 

1.486 

— 

1.0726 

92 

1.830 

1.496 

— 

1.0696 

96 

1.840 

1.504 

— 

1.0644 

100 

1.838 

1.522 

— 

1.0553 


Density of solutions, g/ml (20 “C) 


Content of acids, % 

HBr 

HI 

HF 

4 


1.0277 

1.012 

8 


1.0589 

1.028 

12 


1.0918 

1.043 

16 

B 

1.1270 

1.057 

20 

1.1579 

1.1649 

1.070 

24 

1.1961 

1.2039 

1.084 

28 


1.2503 

1.096 

40 


1.4029 

1.128 

45 


1.4755 

1.141 

50 

■ggH 

1.560 

1.155 

55 


1.655 

— 

60 

B R2 : ’Bk 

1.770 

— 

65 

1.7675 

1.901 

— 
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Table 3. DENSITY OF SOLUTIONS OF SELECTED BASES (15 °C) 


Content of bases, % 

Density of solutions, g/ml 

KOH 1 

NaOH 

nh 3 

4 

1.033 

1.046 

0.983 

8 

1.065 

1.092 

0.967 

12 

1.100 

1.137 

0.953 

16 

1.137 

1.181 

0.939 

20 

1.176 

1.225 

0.926 

24 

1.217 

1.268 

0.913 

28 

1.263 

1.310 

0.903 

32 

1.310 

1.352 

0.893 

36 

1.358 

1.395 

0.884 

40 

1.411 

1.437 

— 

44 

1.460 

1.478 

— 

48 

1.511 

1.519 

— 

52 

1.564 

1.560 

— 

56 

1.616 

1.601 

— 

60 

— 

1.643 

— 


Table 4. DENSITY OF SELECTED COMPOUNDS 


Substance 

Formula 

Density, 

g/cm3 

t, °G 

Ammonium chloride 

NH 4 C1 

j 

1.53 

17 

Antimony(III) chloride 

SbCl 3 

3.064 

26 

Carbon tetrachloride 

CC1 4 

1.632 

0 

Phosphorus(III) bromide 

PBr 3 

2.85 

0 

Phosphorus(III) chloride 

PC1 3 

1.57 

0 

Phosphorus(V) oxychloride 

P0C1 3 

1.69 

0 

Silicon chloride 

SiCl 4 

1.52 

0 

Sodium chloride 

NaCl 

2.163 

15-20 

Sugar 


1.588 

15 

Sulphur monochloride 

S2CI2 

1.68 

0 

Sulphuryl chloride 

SO2CI2 

1.67 

20 

Thionyl chloride 

S0C1 2 

1.675 

0 

Tin(IV) chloride 

SnCl 4 

2.278 

0 

Titanium(IV) chloride 

TiCl 4 

1.76 

0 
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Table 5. SPECIFIC HEAT CAPACITY OF SELECTED SUBSTANCES 


Substance 

Specific heat 
capacity at 

20 °C, cal/g-K 

Substance 

Specific heat 
capacity at 

20 °C, cal/g-K 

Aluminium 

0.214 

Iron 

0.108 

Copper 

0.0915 

Lead 

0.0309 

Glass, ordinary 

0.189 

Mercury 

0.03325 

Glass, pyrex 

0.201 

Platinum 

0.0318 

Glass,? quartz 

0.174 

Silver 

0.0559 

Glass, various grades 

0.2086-0.1217 

Tin 

0.0551 

Gold 

0.0309 

Water 

0.9985 


Table 6. SELECTED I AC ID-BASE INDICATORS 


Indicator 

Concentration, 

% 

Solvent 

Colour change* 

Transition 
range, pH 

Thymol blue 

0.1 

20% Ethanol 

Red to yellow 

1.2-2.8 

Methyl yellow 

0.1-0.01 

90% Ethanol 

Red to yellow 

2.9-4.0 

Methyl orange 

0.1 

Water 

Red to orange 

3.1-4.4 

Methyl red 

0.1 and 0.2 

60% Ethanol 

Red to yellow 

4.4-6.2 

Lackmoid 

0.2 and 0.5 

90% Ethanol 

Red to blue 

4.4-6.2 

Alizarin 

0.02 

90% Ethanol 

Yellow to vio¬ 
let 

5.5-6.8 

Phenol red 

0.1 

20% Ethanol 

Yellow to red 

6.8-8.0 

Thymol blue 

0.1 i 

20% Ethanol 

Yellow to blue 

8.0-9.6 

Phenolphtha- 

lein 

0.1'and 1.0 j 

60% Ethanol 

Colourless to 
red 

8.2-10 

Alizarin yellow 

0.1 

Water 

Yellow to vio¬ 
let 

Yellow to 
orange- 
brown 

10.1-12.1 

Tropeolin O 

0.1 

Water 

11.0-13.0 

Malachite green 

0.1 

Ethanol 

Blue to col¬ 
ourless 

11.5-14.0 


* The first colour is observed at the lower pH. 


Table 7. IONIZATION CONSTANTS 

OF WATER AT VARIOUS 
TEMPERATURES 


Temperature, “C 

K 

25 

1 . 8 X 10” 16 

40 

5 . 3 X 10- 18 

100 

9 . 9 X 10" 15 
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Table 8. IONIC PRODUCT OF WATER K w AT VARIOUS TEMPERATURES 


Temperature, 

°c 


pH 

Temperature, 

°C 


PH 

0 

O.llxlO- 14 

7.48 

60 

9.55X10" 14 


20 

0.69X10- 14 


80 

25.10X10- 14 

— 

25 

l.ooxio- 14 

7.00 

100 

55.00X10- 14 

6.13 

40 

2.95 X10 -14 






Table 9. DISSOCIATION CONSTANTS OF ACIDS K (25 °C) 


Acid 

Formula 

K 

Acetic 

CH 3 COOH 

1.74X10- 6 

Arsenic, K 1 

H 3 As0 4 

6.OXIO- 3 

K* 


1.05x10-’ 

K , 


2.95X10- 12 

Arsenous 

H 3 ASO 3 

5.1xl0-i» 

Boric 

h 3 bo 3 

5.8x10-1® 

Carbonic, K x 

C0 2 (aq) + H 2 0 

4.5x10-7 

K 2 


4.8x10-11 

Chlorous 

HClOj 

l.ixio-* 

Chromic, K , 

H 2 Cr0 4 

l.ixio-i 

K* 


3.2x10-7 

Formic 

HCOOH 

I.8XIO- 4 

Hydrocyanic 

HCN 

6.2xl0-i»' 

Hydrofluoric 

HF 

6.8XIO- 4 

Hydrogen peroxide 

H2O2 

2.0x10-1* 

Hydroselenic, K x 

H 2 Se 

1.3X10" 4 

k 2 


l.oxio-n 

Hydrosulphuric K x 

H s S 

1.0x10-7 

Ki 


1.3x10-1* 

Hydrotelluric, K x 

H 2 Te 

2.3x10-3 

K, 


i.oxio -11 

Hypobromous 

HBrO 

2.5x10-0 

Hypochlorous 

HCIO 

5.0X10-3 

Hypoiodous 

HIO 

2.3x10-1! 

Iodic 

HI0 3 

1.6x10-1 

Nitrous 

hno 2 

5.1X10- 4 

Oxalic. A, 

H^C^O 4 

5.6x10-3 

K* 


5.4X10- 5 
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Table 9, concluded 


Acid 

Formula 

1 

K 

Periodic 

i 

hio 4 

2.8X10" 2 

Phosphoric (ortho), , 

h s po 4 

7.6X10- 2 

K* 


6 . 2 xl 0“ 8 

k 3 


4.2X10" 13 - 

Phosphorous, 

HsP0 3 

1 . 6 xl 0“ 2 

K* 


2.0X10- 7 

Selenic, K % 

H 2 Se0 4 

1.3x10"* 

Selenous, K 1 

H 2 S 0 O 3 

2.4X10- 3 

K% 


4.8X10" 8 

Silicic, Kf 

H 4 Si0 4 

1.3xl0 -11 

K t 


1.6X10- 12 

K* 


2 . 0 xl 0 -1 * 

Sulphuric, K 2 

HjS0 4 

1.2X10" 2 

Sulphurous, Kx 

H 2 SO 3 

1.7X10- 2 

K* 


6 . 2 X 10 -®, 

Telluric, Ki 

H 6 TeO 0 

2 . 0 x 10 "® 

K t 


l.ixio -11 

K s 


l.oxio- 15 

Tellurous, 

HjTcOj 

2.7X10-® 

R* 


I 1.8X10-® 


Table 10. DISSOCIATION CONSTANTS OF BASES K (25 °C) 


Base 

Formula 

* 

Ammonia solution 

nh 8 +h 2 o 

1.76x10-® 

Barium hydroxide, K 2 

Ba(OH ) 2 

2.3X10- 1 

Calcium hydroxide, K 2 

Ca(OH ) 2 

4.0X10- 2 

Copper(II) hydroxide, K 2 

Cu(OH) 2 

7.9X10- 1 * 

Hydrazine 

n 2 h 4 +h 2 o 

9.8x10-’ 

Hydroxy lamine 

nh 2 oh+h 2 o 

1.07X10"® 

Lead(II) hydroxide, 

Pb(OH ) 2 

9.55x10-* 

k 2 


3.0x10-® 

Lithium hydroxide 

LiOH 

6.8X10- 1 

Pyridine 

c 5 h 5 n 

1.7X10-® 

Silver hydroxide 

AgOH 

5.0x10-8 

Zinc hydroxide, K x 

Zn(OH ) 2 

4.4x10-8 

K* 


2.0x10-8 
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Table 11. STABILITY OF COMPLEX IONS IN AQUEOUS SOLUTIONS 


Composition of complex 
ions 

^lnstab 

^stab ^ K instsb 

t, °c 

[Ag(NH 3 ) 2 ] + 

9.31X10" 8 

1.07 XlO 7 

I 

30 

[Cd(NH,),]»* 

7.3X10- 8 

1.36X10° 

30 

[Co(NH 3 ) e ] 2+ 

7.75X10-8 

1.29X10 5 

30 

[Co(NH 3 ) 6 ] 3+ 

3.1 XlO -3 ® 

3.22x10 s2 

30 

[Cu(NH 3 ) 2 ] + 

1.35X10-11 

7.40X10 10 

30 

lCu(NH 3 ) 4 p 

2.14X10 -13 

4.67X101 2 

30 

(Ni(NH 3 ) 4 l a+ 

1.12x10-8 

8.92X10 7 

30 

[Ni(NH 3 ) 6 ] 2+ 

1.86xl0-> 

5.37x10* 

30 

[Zn(NH 3 ) 4 ] 2+ 

3.46x10-1° 

2.89X10° 

30 

[Ag(S 2 0 3 )]- 

1.5X10-° 

6.66X10® 

20 

[Ag(S 2 0 3 ) 2 ]®“ 

3.5X10-11 

2.85X101® 

20 

[Ag(CN) 2 ]~ 

8XlO -22 

1.25X1081 

18 

[Au(CN} 2 ]- 

5.0X10- 33 

2x10*8 

— 

{Fe(CN) 6 r 

lXlO- 33 

ixio°° 

18 

[Fe(CN) 6 ] s_ 

X 

1-^ 

O 

1 

#» 

bS 

lX 10 12 

18 


Table 12. SOLUBILITY PRODUCT iC 8p (18-25 °C) 


Substance 

Formula 

x sp 

Aluminium hydroxide 

Al(OH) 3 

1 X10-88 

Barium carbonate 

BaC0 3 

5.1X10"° 

Barium chromate 

BaCr0 4 

1.2XlO-i° 

Barium sulphate 

BaS0 4 

1.1X10- 10 

Cadmium sulphide 

CdS 

7.9X10- 27 

Calcium carbonate 

CaC0 3 

4.8X10-° 

Calcium hydrophosphate 

CaHP0 4 

2.7 XlO -7 

Calcium hydroxide 

Ca(OH) 2 

5.5X10-8 

Calcium oxalate 

CaC 2 0 4 

2.3x10-* 
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Table 12, concluded 


Substanee 

Formula 

*sp 

Calcium phosphate 

Ca 3 (P0 4 ) s 

2.0X10' 29 

Calcium sulphate 

CaS0 4 

9.1X10 -6 

Chromium(II) hydroxide 

Cr(OH) 2 

l.oxio- 17 

Chromium(III) hydroxide 

Cr(OH) 2 

6.3X10" 31 

Copper(I) sulphide 

Cu 2 S 

2.5xl0 -48 

Copper(II) sulphide 

CuS 

6.3X10-* 8 

Iron(II) hydroxide 

Fe(OH) 2 

1X10" 16 

Iron(III) hydroxide 

Fe(OH) 3 

3.2X10- 38 

Iron(II) sulphide 

FeS 

5X10" 18 

Lead chloride 

PbCl 2 

1.6X10" 6 

Lead iodide 

Pbl 2 

1.1 Xl0~ 9 

Lead sulphate 

PbS0 4 

1.6X10" 8 

Lead sulphide 

PbS 

2.5X10- 27 

Manganese sulphide (flesh coloured) 

MnS 

2.5X10 -10 

Manganese sulphide (green) 

MnS 

2.5X10" 13 

Mercury(II) sulphide 

HgS 

1.6X10" 52 

Silver bromide 

AgBr 

5.3X10 -13 

Silver chloride 

AgCl 

1.78xl0-i» 

Silver iodide 

Agl 

8.3xl0 -17 

Silver phosphate 

Ag 3 P0 4 

1.3X10- 20 

Silver sulphide 

Ag 2 S 

6.3x10-“° 

Strontium carbonate 

SrC0 3 

1.1X10- 10 

Strontium sulphate 

SrS0 4 

3.2xl0- 7 

Zinc hydroxide 

Zn(OH) 2 

7.1X10-1 8 

Zinc sulphide 

ZnS 

1.6xl0 -24 






Table 13. 


PRESSURE OP SATURATED WATER VAPOUR IN EQUIRIBLIUM WITH WATER AT VARIOUS 
TEMPERATURES, DEGREES CELSIUS 


Units of degrees 



0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

4.579 

4.926 

5.294 

5.685 

6.101 

6.543 

7.013 

7.513 

8.045 

8.509 

10 

9.209 

9.844 

10.518 

11.231 

11.987 

12.788 

13.634 

14.530 

15.477 

16.477 

20 

17.535 

18.650 

19.827 

21.068 

22.377 

23.756 

25.209 

26.739 

28.349 

30.049 

30 

31.824 

33.695 

35.663 

37.729 

39.898 

42 175 

44.563 

47.067 

49.692 

52.442 

40 

55.324 

58.34 

61.50 

64.80 

68.26 

71.88 

75.65 

79.60 

83.71 

88.02 

50 

92.51 

97.20 

102.09 

107.20 

112.51 

118.04 

123.80 

129.82 

136.08 

142.60 

60 

149.38 

156.43 

163.77 

171.38 

179.31 

187.54 

196.09 

204.96 

214.17 

223.73 

70 

233.7 

243.9 

254.6 

265.7 

277.2 

289.1 

301.4 

314.1 

327.3 

341.0 

80 

355.1 

369.7 

384.9 

400.6 

416.8 

433.6 

450.9 

468.7 

487.1 

506.1 

90 

525.76 

546.05 

566.99 

588.60 

610.90 

633.90 

657.62 

682.07 

707.27 

733.24 

100 

760.0 

787.6 

815.9 

845.1 

875.1 

906.1 

937.9 

970.6 

1004.4 

1038.9 
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Table 14. BOILING POINT OF WATER AT VARIOUS PRESSURES 


Pressure, mmHg 

Bolling point, °C 

| Pressure, mmHg j 

Boiling point, 0 C 


97.713 

740 

99.255 


98.105 

750 

99.629 

720 

98.493 

j 760 

100.000 

730 

98.876 

770 

100.367 


Table 15. CRYOSCOPIC AND EBULLIOSCOPIC CONSTANTS 


Substance 

Formula 

Cryoscopic 
constant, °C 

Ebullioscopic 
constant, °C 

Water 

h 2 0 

1.853 

0.52 

Chloroform 

chci 3 

4.9 

3.8 

Benzene 

c 6 h 6 

5.065 

2.61 

Carbon(IV) tetrachloride 

CC1 4 

29.8 

5.5 


Table 16. TEMPERATURE of COOLING MIXTURES CONSISTING OF SOLID 
CARBON DIOXIDE (DRY ICE) AND SELECTED SUBSTANCES AT 
1 ATM 


Substance 

Formula 

Temperature of mixture, °C 

Ethyl chloride 

C 2 H 5 C1 

—60 

Ethanol 

c 2 h 5 oh 

—72 

Ethyl ether 

(c 2 h 5 ) 2 0 

—77 

Chloroform 

chci 3 

—77 

Methyl chloride 

ch 3 ci 

—82 


Table 17. TEMPERATURE OF COOLING MIXTURE CONSISTING OF ICE ANI> 
SELECTED SALTS (CRYOHYDRATE POINT) 


Salt 

Formula 

Mass of salt per 
100 g of ice, g 

Cryohydrate 
point t, °C 

Ammonium nitrate 

nh 4 no 3 

45 

—17.3 

Sodium nitrate 

NaN0 3 

59 

—18.5 

Sodium chloride 

NaCl 

33 

—21.2 

Calcium chloride 

CaCl 2 • 6H a O 

143 

—55 
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Table 18. COMPOSITION AND BOILING POINT OP AZEOTROPIC MIXTURES 
AT 1 ATM 


Mixture components 

Content of first component 
In mixture, % 

Boiling oint f, 

°C 

Hydrogen bromide, water 

46.85 

126.0 

Hydrogen chloride, water 

20.30 


Hydrogen iodide, water 

57.00 


Nitric acid, water 

68.00 



Table 19. COMPOSITION AND CRYOHYDRATE POINT OF COOLING MIXTURES 


Salt 

Mass of salt per 
100 g of ice, g 

Cryohydrate point 
t, °C 

Sodium chloride 

33 

—21.2 

Ammonium chloride 1 . . 

20 


Sodium chloride } miXtUre 

40 

—30.0 

Ammonium nitrate 1 . . 

41.6 


Sodium chloride } mlXtUre 

41.6 

—40.0 

Calcium chloride hexahydrate 

143 

—55.0 


able 20. EFFECTIVE RADII OF ATOMS AND IONS 


Atomic 
number of 

element 

Chemical 

symbol 

Charge 
of ion 

Radius of 
atom or 
ion, A 

Atomic 
number of 
element 

Chemical 

symbol 

Charge 
of ion 

Radius of 
atom or 
ion, A 

1 

H 

1 — 

1.36 

15 

P 

5+ 




0 

0.37 



3— 


2 

He 

0 

1.22 

16 

s 

6+ 


3 

Li 

1+ 

0.68 



2— 


4 

Be 

2+ 

0.34 

17 

Cl 

7+ 


5 

B 

3+ 

0.20 



1— 


6 

C 

4+ 

0.20 

18 

Ar 

0 




4— 

2.60 

19 

K 

1+ 


7 

N 

5— 

0.15 

20 

Ca 

2+ 




3— 

1.48 

21 

Sc 

3+ 


8 

O 

2— 

1.36 

22 

Ti 

3+ 


9 

F 

1— 

1.33 



4+ 

0.64 

10 

Ne 

0 

1.60 

23 

V 

2+ 


11 

Na 

1+ 

0.98 



3+ 

IB 

12 

Mg 

2+ 

0.74 



4+ 

■fi 

13 

A1 

3+ 

0.57 



5+ 


14 

Si 

4+ 

0.39 

24 

Cr 

2+ 

m 
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Table 20, continued 


Atomic 
number of 
element 

Chemical 

symbol 

Charge 
of ion 

Radius of 
atom or 
ion, A 

Atomic 
number of 
element 

Chemical 

symbol 

Charge 
of ion 

Radius of 
atom or 
ion, A 


Cr 

3+ 

0.64 

49 

In 

3+ 

0.92 



6+ 

0.35 

50 

Sn 

2+ 

1.02 

25 

Mn 

2+ 

0.91 



4+ 

0.67 



3+ 

0.70 

51 

Sb 

3+ 

0.90 



4+ 

0.52 



5+ 

0.62 



7+ 

0.46 



3- 

2.08 

26 

Fe 

2+ 

0.80 

52 

Te 

4+ 

0.89 



3+ 

0.67 



6+ 

0.61 

27 

Co 

2+ 

0.78 

53 


2— 

2.11 



3+ 

0.67 

I 

7+ 

0.50 

28 

Ni 

2+ 

0.74 

54 


1— 

2.20 

29 

Cu 

1+ 

0.98 

Xe 

0 

2.18 



2+ 

0.80 

55 

Cs 

1+ 

1.65 

30 

Zn 

2+ 

0.83 

56 

Ba 

2+ 

1.38 

31 

Ga 

3+ 

0.62 

57 

La 

4+ 

0.90 

32 

Ge 

2+ 

0.65 



3+ 

1.04 



4— 

1.44 

58 

Ce 

4+ 

0.88 

33 

As 

3+ 

0.69 



3+ 

1.02 



5+ 

0.47 

59 

Pr 

3+ 

1.00 



3— 

1.91 

60 

Nd 

c+ 

0.98 

34 

Se 

2— 

1.93 

61 

Pm 

3+ 

0.98 



4+ 

0.64 

62 

Sm 

3+ 

0.97 



6+ 

0.35 

63 

Eu 

3+ 

0.97 

35 

Br 

1— 

1.96 

64 

Gd 

3+ 

0.94 



7+ 

0.39 

65 

Tb 

3+ 

0.89 

36 

Kr 

0 

1.108 

66 

Dy 

3+ 

0.88 

37 

Rb 

1+ 

1.49 

67 

Ho 

3+ 

0.86 

38 

Sr 

2+ 

1.20 

68 

Er 

3+ 

0.86 

39 

Y 

3+ 

0.97 

69 

Tu 

3+ 

0.85 

40 

Zr 

4+ 

0.82 

70 

Yb 

3+ 

0.81 

41 

Nb 

4+ 

0.67 

71 

Lu 

3+ 

0.80 



5+ 

0.66 

72 


4+ 

0.82 

42 

Mo 

4+ 

0.68 

73 


5+ 

0.66 



6+ 

0.65 

74 


4+ 

0.68 

43 

Tc 

— 

— 



6+ 

0.65 

44 

Ru 

4+ 

0.62 

75 


6+ 

0.52 

45 

Rb 

3+ 

0.75 

76 


4+ 

0.65 



4+ 

0.65 

77 

Ir 

4+ 

0.65 

46 

Pd 

4+ 

0.64 

78 

pt 

4+ 

0.64 

47 

Ag 

1+ 

1.13 

79 

Au 

1+ 

1.37 

48 

Cd 

2+ 

0.99 

80 

Hg 

2+ 

1.12 
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Table 20, concluded 


Atomic 
number of 
element 

Chemical 

symbol 

Charge 
of ion 

Radius of 
atom or 
ion, A 

Atomic 
number of 
element 

Chemical 

symbol 

Charge 
of ion 

Radius of 
atom or 
Ion, A 







3+ 

1.08 

81 

T1 

1+ 

1.49 

91 

Pa 

4+ 

0.96 



3+ 

1.05 



3+ 

1.06 

82 

Pb 

2+ 

1.26 

92 

U 

6+ 

0.83 



4+ 

0.76 



5+ 

0.87 

83 

Bi 

3+ 

1.20 



4+ 

0.93 



5+ 

0.74 



3+ 

1.03 



3— 

2.13 

93 

Np 

4+ 

0.92 

84 

Po 

4+ 

1.02 



3+ 

1.01 

85 

At 

— 

— 

94 

Pu 

4+ 

0.90 

86 

Rn 

— 

— 



3+ 

1.00 

87 

Fr 

— 

— 

95 

Am 

4+ 

0.89 

88 

Ra 

2+ 

1.44 



3+ 

0.99 

89 

Ac 

3+ 

1.11 

96 

Cm 

3+ 

0.98 

90 

Th 

4+ 

0.99 






Table 21. STANDARD ELECTRODE POTENTIALS £° IN AQUEOUS SOLUTIONS 
AT 298 IRRELATIVE TO THE STANDARD HYDROGEN ELECTRODE 


Ele¬ 

ment 

Reaction 

E°, V 

Ag 

Ag + + e = Ag 

+0.799 

A1 

Al 3 + +3e = Al 

—1.663 

As 

H 3 As0 4 +2H + + 2e = HAs0 2 + 2H 2 0 

+0.56 


[ As0 2 + 2H 2 0 + 3e=As+40H- 

— 0.68 

Au 

Au 3+ + 3e=Au 

+1.498 

Ba 

Ba 2+ + 2<? = Ba 

—2.905 

Be 

Be 2 + +2e=Be 

—1.847 

Br 

Br 2 (aq) + 2 e= Br" 

+1.087 


2HBr0 + 2H + +2e = Br 2 +2H 2 0 

+1.59 


2BrOj + 12H+ + 10a = Br 2 + 6H 2 0 

+1.52 


BrOi- + 5H + + 4e = HBrO + 2H 2 0 

+1.49 


BrOj + 3H 2 0 + 6 e = Br" + 60H" 

+0.61 

C 

CH 3 CHO + 2H + + 2e = C 2 H 5 OH 

+0.19 


CH 3 COOH + 2H + + 2e = CH 3 CHO + H 2 0 
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Table 21, continued 


Ele¬ 

ment 

Reaction 

E°, V 

Ca 

Ca 2 + + 2 e=Ca 

— 2.866 

Cd 1 

Cd 2 + +2e = Cd 

—0.403 

Cl 

Cl 2 (aq) + 2e = 2Cl- 

+1.395 


Cl 2 (g) + 2e = 2Cl- 

+1.359 


2HOC1 + 2H++ 2e = Cl 4 (g) + 2H a O 

+1.63 


HOC1+H + +2e = Cl“+H 2 0 

+1.494 


2HC10 2 + 6 H + + 6 e = Cl 2 +4H 2 0 

+1.63 


2 CIO 3 + 12H + +lOe = Cl 2 + 6 H 2 0 

+1.47 


ClOj + 8 H + + 8 e = Cl"+4H 2 0 

+1.38 


ClOi + 3H 2 0 + 6 e = Cl-+60H" 

+0.63 

Co 

Co 2 + +2e = Co 

—0.277 


Co 3+ +e = Co 2+ 

+1.808 


Co(NH 3 )| + +e = Co(NH 3 )J + 

+ 0.10 


Co(OH ) 3 + e = Co(OH ) 2 +OH- 

+0.17 

Cr 

Cr 2 + +2e = Cr 



Cr 3+ + 3e = Cr 



Cr 3+ + e= Cr 2+ 



Cr 2 0?-+ 14H + +6e = 2Cr 3 + +7H 2 0 

■SUM 

Cs 

Cs + + e = Cs 

—2.91 

Cu 

Cu 2+ + 2e = Cu 

+0.337 


Cu + + e = Cu 

+0.520 


Cu 2+ +e = Cu + 

+0.153 


CuCl e = Cu Cl- 

+0.137 

F 

F a +2«=2F- 

' +2.87 

Fe 

Fe s+ + 3e = Fe 

—0.037 


Fe 2+ +2« = Fe 

—0.440 


Fe 3+ +e=Fe 2+ 

+0.771 


Fe (OH)a + e = Fe (OH) a +OH- 

—0.56 


FeO 2 - + 8H + + 3e = Fe 3+ +4H a 0 

+1.70 
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Table 21, continued 


Elem¬ 

ent 

Reaction 

E°, V 

H 

2H + + 2e = H 2 

± 0.000 


H 2 + 2e = 2H" 

; —2.251 

Hg 

Hg a+ +2e = Hg 

in 


Hgl + + 2 e = 2 Hg 



: Hg 2 Cl a + 2e = 2Hg+2Cl- 

1 

fCSI:/ : 

I 

I 2 (c)+2e = 2I~ 

+0.536 


HIO + H + + 2e = I-+H 2 0 

+0.99 


210s + 12H++10« = I 2 + 6H 2 0 

+1.19 


2IOi-+6H 2 O + 10«=I 2 +12OH- 

+ 0.21 


10 3 + 3H 2 0+ 6 e = I- + 60H- 

i 

+0.26 

K 

K + +e=K 

—2.924 

La 

La 3+ +3e= La 

—2.52 

Li 

Li + + e = Li 

—3.045 

Mg 

Mg 2 + +2e=Mg 

—2.363 

Mn 

Mn 2 + +2e= Mn 

—1.179 


Mn0 2 + 4H + + 2e = Mn 2+ + 2H 2 0 

+1.228 


MnOi" + 4H + + 2e = Mn0 2 + 2H 2 0 

+2.257 


MnOf + e = MnO|“ 

+0.564 


MnOf + 2H 2 0 + 3e = Mn0 2 + 40H" 

+0.60 


MnOj+ 8 H + + 5 e = Mn 2+ + 4H 2 0 

+1.507 

N 

1 



N 2 + 4H 2 0 + 2e = NH 2 OH + 20H~ 

—3.04 


N 2 + 4H 2 0 + 4e = N 2 H 4 + 40H“ 

—1.16 


N 2 H 4 +4H 2 0 + 2e=2NH S • H 2 0+20H" 

+ 0.10 


NH 2 0H+2H 2 0 + 2e = NH 3 • H 2 0 + 20H~ 

+0.42 


HN0 2 +H + + e = NO+H„0 

+1.004 


HN 0 2 + 7H++ 6 e=NHJ+ 21^0 

+0.864 


NO 3 + 3H + +2e = HN0 2 +H 2 0 

+0.94 
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Table 21, continued 


Elem¬ 

ent 

Reaction 

E°, V 

0 

0 2 +4H + + 4e=2H 2 0 

+1.228 


0 2 -j- 2H + -\-2e = H 2 Ojs 

+0.682 


+ 2H + + 2e = 2H 2 0 

+1.776 


0 8 +H 2 0 + 2e = 0 2 + 20H" 

+1.24 


0 3 + 2H + + 2e=0 2 +H 2 0 

+2.07 

P 

P -j- 3H 2 0+3e = PH 3 + 30H" 

—0.89 


H 3 P0 2 +H + +e = P + 2H 2 0 



H 3 P0 4 + 2H + + 2e= H 3 P0 3 + H 2 0 



H 3 P0 3 +2H + + 2e = H 3 P0 2 +H 2 0 



HPO§-+2H 2 0 + 2e = H 2 P0 2 + 30H" 

—1.57 

Pb 

Pb 2+ + 2e = Pb 

—0.126 


Pb 1 + +2e=Pb 2+ 

+1.694 


Pb0 2 +4H + +2e = Pb 2+ + 2H 2 0 

+1.449 

Pt 

Pt 2 + +2e=Pt 

—1.188 

Rb 

Rb + +e=Rb 

—2.925 

S 

S+2e = S 2 “ 

—0.48 


SOf-+4H + +2e = H 2 S0 3 +H 2 0 

+0.17 


H 2 S0 3 +4H + + 4e = S + 3H 2 0 

+0.449 

Sc 

Sc 3+ + 3e= Sc 

—2.08 

Se 

Se+2e = Se 2 ' 

—0.92 


Se+2H + +2e = H 2 Se 

—0.40 


H 2 Se0 3 + 4H + + 4e = Se+3H 2 0 

+0.741 


SeO^~+4H + + 2e = H 2 Se0 3 + 2H 2 0 

+1.15 

Sn 

Sn 2+ + 2e=Sn 

—0.136 


Sn 4 + +2e = Sn 2+ 

+0.151 


HSnOj + H 2 0 + 2e = Sn + 30H- 

—0.91 


Sn(OH)f- + 2e = HSn0 2 + 30H“ + H 2 0 

—0.92 

Sr 

Sr 2+ + 2e=Sr 

—2.888 
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Table 21, concluded 


Elem¬ 

ent 

Reaction 

E°, V 

Te 

Te + 2H++2e = H 2 Te 

—0.72 


TeO|-+3H 2 0 + 4e = Te + 60H“ 

—0.57 


Te0 2 (c)+4H + +4e=Te+2H 2 0 

+0.529 


H 6 TeO, (c) + 2H + +2e= Te0 2 + 4H 2 0 

+ 1.02 

Ti 

Ti 2 + +2e = Ti 

—1.63 


Ti0 2 + +2H + +e = Ti 3 + +H 2 0 

+ 0.10 

T 1 

Tl + +e=Tl 

—0.34 


Tl 3 + +2e = Tl + 

+1.28 

U 

U 3 + +3e = U 

—1.80 

V 

V 3 + +e=V 2+ 

—0.255 


V 2+ + 2e = V 

—1.175 


V0 2+ + 2H++ e = V 3+ + H 2 0 

+0.337 


V 2 0 5 + 6H+ +2e = 2V0 2+ +3H 2 0 

+0.958 

-Zn 

Zn 2+ + 2e = Zn 

—0.763 


Table 22. THERMODYNAMIC CONSTANTS OP SUBSTANCES 


Substance 

AH» 98 , kJ/mol 

S 298’ 

J/mol*K 

AG“ 8s , kJ/mol 

Ag(c) 

0 

42.55 

0 

AgBr (c) 

—100.67 

107.1 

—97.23 

AgCl (c) 

—127.1 

96.1 

—109.8 

Agl (c) 

-61.94 

115.5 

—66.36 

AgN0 3 (c) 

—124.5 

140.9 

—33.6 

Ag 2 0 (c 

—31.1 

121.0 

—11.3 

Al (c) 

0 

28.3 

0 

A1 2 0 3 (c) 

—1675.7 

50.9 

—1582.3 

Al(OH), (amorphous) 

—1276 

— 

— 

A1 2 S 3 (c) 

—648.5 

116.9 

—637.8 

A1 2 (S0 4 ) 3 (c) 

—3441.8 

239.2 

—3100.9 

As (hexagonal) 

0 

35.6 

0 

AsH 3 (g) 

66.4 

223 

68.9 

B (c) 

0 

5.86 

0 

B 2 H 6 (g) 

38.4 

232 

89.6 
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Table 22, continued 


Substance 

AH° 98 , kJ/mol 

S° 

°298’ 

J/mol-K 

ag° 88 , kJ/mol 

B 2 0 3 (c) 

—1272.9 

54.0 

—1193.8 

H3BO3 (c) 

—1094.2 

88.7 

—968.8 

Ba (c) 

0 

62.5 

0 

BaC0 3 (c) 

—1210.8 

112 

—1132.2 

BaO(c) 

—548.1 

72.0 

—520.4 

Ba(OH) 2 (c) 

—941.4 

108.8 

—855.2 

BaS0 4 (c) 

—1458.9 

132.2 

—1347.9 

Be (c) 

0 

9.5 

0 

BeC0 3 (c) 

—1046.0 

51.9 

—965 

BeO (c) 

—609.2 

13.8 

—579.9 

Be(OH) 2 (tetragonal) 

—902.5 

49.0 

—814.2 

BeS0 4 (c) 

—1201.2 

77.9 

—1089.8 

Bi (c) 

0 

56.9 

0 

BiH (g) 

179.9 

214.7 

152.4 

Br a (1) 

0 

152.2 

0 

Br 2 (g) 

30.91 

245.4 

3.13 

Br (g) 

111.84 

174.9 

82.38 

HBr(g) 

—34.14 

198.6 

—51.20 

HBrO (s-n) 

—127.2 

— 

— 

C (graphite) 

0 

5.74 

0 

€ (diamond) 

1.83 

2.37 

2.83 

€H 4 (g) 

—74.81 

186.3 

—50.82 

C 2 H 4 (g) 

52.47 

219.2 

68.34 

C 2 H 6 (g) 

—84.73 

229.5 

—32.98 

HCOOH (g) 

—379.0 

248.7 

—351.4 

HCOOH (1) 

—425.5 

129.0 

—362.2 

€ 2 H 5 OH (g) 

—234.6 

282.4 

—168.1 

C 2 H 5 OH (1) 

—276.9 

161.0 

—174.2 

€0 (g) 

—110.5 

197.5 

—137.1 

C0 2 (g) 

—393.5 

213.7 

—394.4 

Ca (c) 

0 

41.6 

0 

CaC0 3 (c) 

—1206.8 

91.7 

—1128.4 

Ca(N0 3 ) 2 (c) 

—744.3 

— 

— 

CaO (c) 

—635.1 

38.1 

—603.5 

Ca(OH) 2 (c) 

—985.1 

83.4 

—897.5 

CaS0 4 (c) 

—1436.3 

106.7 

—1323.9 

Cl 2 (g) 

0 

223.0 

0 

Cl - (s-n) 

—166.8 

— 

— 

HC1 (g) 

—91.8 

1 186.8 

—94.8 

HC10 (g) 

—83.7 

236.4 

—70.9 

HC10 (1) 

—34.5 

188.3 

84.3 

CI 2 0 (g) 

75.7 

266.2 

93.4 

CIO (g) 

101.3 

226.5 

97.60 

C10 2 (g) 

104.6 

257.0 

122.3 

C1 2 0 7 (1) 

251 

— 

— 

C1 2 0 7 (g) 

285 

— 

— 

Cs (c) 

0 

85.23 

0 


—1136 

203.9 

—1053 

CsOH(c) 

—416.6 

102.5 

—371.7 

Cu (c) 

0 

33.1 

0 
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Table 22, continued 


Substance 

4H» 298 , kJ/mol 

S 298’ 

J/mol-K 

AG° 0g , kJ/mol 

CuO (C) 

—162.0 

42.6 

-129.4 

CuS0 4 (c) 

—770.9 

109.2 

—661.8 

CuS0 4 -5H 2 0 (c) 

—2279.4 

300.4 

—1879.9 

F,(g) 

0 

202.7 

0 

F _ (s-n) 

-331.5 

— 

— 

HF (g) 

—270.7 

173.7 

—272.8 

H 2 F 2 (g) 

—566.5 

— 

— 

f 2 o (g) 

25.1 

247.0 

42.5 

Fe (c) 

0 

27.2 

0 

Fe 2 0 3 (c) 

—822.2 

87.4 

—740.3 

Fe 3 0 4 (c) 

—1117.1 

146.2 

—1014.2 

Fe(OH) a (c) 

—826.63 

104.6 

—699.65 

Ge (c) 

0 

31.1 

0 

GeH 4 (g) 

90.8 

217.1 

113.2 

H 2 (g) 

0 

130.5 

0 

H + (s-n) 

0 

— 

— 

H 2 0 (g) 

—241.8 

188.7 

—228.6 

H 2 0 (1) 

—285.8 

70.1 

—237.2 

H 2 O 2 (1) 

—187.8 

109.5 

—120.4 

I 2 (c) 

0 

116.1 

0 

h (g) 

62.4 

260.6 

19.4 

1 (g) 

106.8 

180.7 

70.2 

IF, (g) 

—834.3 

328.9 

—763.9 

IF t (g) 

—956.0 

349.8 

—831.5 

HI (g) 

26.6 

206.5 

1.77 

H 5 I0 6 (c) 

—761.5 

— 

— 

K(c) 

0 

64.7 

0 

K 2 C0 3 (c) 

—1153.1 

155.5 

—1067.5 

KH (c) 

—57.8 

50.2 

—34.0 

KN0 2 (c) 

—370.6 

152.1 

—307.0 

KN0 3 (c) 

—494.5 

132.9 

—394.6 

KOH (cl 

—424.7 

78.9 

—378.9 

Li (c) 

0 

29.1 

0 

Li (g) 

159.3 

138.7 

126.7 

Li 2 €0 3 (c) 

—1215.4 

90.2 

—1131.6 

LiH (c) 

—90.7 

20.6 

—68.7 

LiOH (c) 

—484.9 

42.8 

—439.0 

Li 2 S0 4 (c) 

—1437.2 

114.0 

—1322.0 

Mg (c) 

0 

32.7 

0 

MgC0 3 (c) 

—1095.9 

65.1 

—1012.1 

MgO (c) 

—601.5 

27.1 

—569.3 

Mg(OH ) 2 (c) 

—924.7 

63.2 

-833.7 

MgS0 4 (c) 

—1287.4 

91.5 

—1173.2 

Mn (c) 

0 

32.0 

0 

Mn0 2 (c) 

—521.5 

53.1 

—466.7 

Mo (c) 

0 

28.6 

0 

Mo0 2 (c) 

—589.1 

46.3 

—533.2 

Mo0 9 (c) 

—745.2 

77.7 

—668.1 

N 2 (g) 

0 

191.5 

0 

nh 3 (g) 

—46.2 

192.6 

—16.7 
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Table 22, continued 


Substance 

AH£ 98 , kJ/mol j 

S 298’ 

J/mol-K 

AG 298 , kJ/mol 

N 2 H 4 (1) 

50.5 

121.3 

149.2 

N 2 H 4 (g) 

95.3 

238.5 

159.1 

NH 4 C1 (c) 

—314.2 

95.8 

—203.2 

(NH 4 ) 2 Cr 2 0 7 (c) 

—1807.5 

— 

— 

NH 4 N0 3 (c) 

—365.4 

151 

—183.8 

NH 2 0H (c) 

—115.1 

66.5 

—17.41 

HN0 3 (1) 

—174.1 

155.6 

—80.8 

HN0 3 (g) 

—135.0 

266.9 

—74.85 

N 2 0 (g) 

82.0 

220 

104.1 

NO (g) 

90.2 

210.6 

86.6 

N0 2 (g) 

33.5 

240.2 

51.5 

n 2 0 4 (g) 

9.6 

303.8 

98.4 

n 2 0 4 (1) 

—19.0 

209 

97.9 

N 2 0 5 (C) 

—42.7 

178.2 

114.1 

Na(c) 

0 

51.3 

0 

Na (g) 

107.5 

153.6 

77.0 

Na. 2 C0 3 (c) 

—1129.4 

135.0 

—1045.7 

NaH (c) 

—56.4 

40 

—33.6 

NaN0 3 (c) 

—468.2 

116.4 

—367.4 

NaOH (c) 

—425.9 

64.4 

—379.8 

Na 2 S (c) 

—358.6 

97.9 

—347.7 

Na 2 S0 4 (c) 

—1389.5 

149.6 

—1271.7 

0 2 (g) 

0 

205.0 

0 

o 3 (g) 

142 

238.8 

163 

P (white) 

0 

41.1 

0 

P(red) 

—17.4 

22.8 

—11.9 

P 4 (g) 

59.0 

279.9 

24.6 

ph 3 (g) 

5.4 

210.2 

13.4 

H 3 P0 4 (c) 

—1279 

110.4 

—1119.1 

P 4 0« (C) 

—1640 

— 

— 

P 4 . 0 ig (c) 

—2984 

229 

—2698 

Pb (c) 

0 

64.8 

0 

Ij I 

268 

— 

— 

5 UJS» ■■ 

—219.4 

66.1 

—189.1 


—276.6 

71.9 

—218.3 

Rb (c) 

0 

76.7 

0 

RbH (c) 

—52.3 

59 

—27.4 

RbN0 3 (c) 

—495.1 

155 

—398.1 

RLOH (c) 

—418.7 

92.0 

—373.3 

S (rhombic) 

0 

31.9 

0 

S (monoclinic) 

0.4 

32.6 

0.2 

s, (g) 

127.5 

228 

78.6 

h 2 s (g) 

—20.9 

205.7 

—33.8 

S0 2 (g) 

—296.9 

248.1 

—300.2 

SOg (g) 

—395.8 

256.7 

—371.2 

SOg (1) 

—439.0 

— 

— 

S0 3 (c) 

— 

— 

— 

sor (s-n) 

—911.0 

— 

— 

H 2 S0 4 (1) 

—814.2 

156.9 

—690.3 

Sb (c) 

0 

45.7 

0 
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Table 22, concluded. 


Substance 

kJ/mol 

s w 

J/mol-K 

AG 2 ° 98 , kJ/mol 

SbH 3 (g) 

145.1 

233.0 

147.6 

Se (hexagonal) 

0 

44.8 

0 

H 2 Se (g) 

33 

219 

19.7 

Se0 2 (g) 

—127 

265 

—132 

Se0 2 (c) 

—226 

— 

_ 

H 2 Se0 3 (c) 

—525 

— 

_ 

H 2 Se0 4 (c) 1 

—533 

— 

_ 

Si (cubic) 

0 

18.8 

0 

SiCl 4 (1) 

—687.8 

240 

— 

SiF 4 (g) 

-1614.9 

282 

—1572.5 

SiH 4 (g) 

34.7 

204.6 

57.2 

Si0 2 (quartz) 

910.9 

41.8 

—856.7 

Sn 

0 

51.5 

0 

SnH 4 (g) 

163 

229 

188 

SnO (c) 

—286.0 

56.5 

—256.9 

Sn0 2 (c) 

—580.8 

52.3 

—520.0 

Sr (c) 

0 

55.7 

0 

SrC0 3 (c) 

—1225.5 

97.1 

—1144.4 

SrO (c) 

—590.5 

55.2 

—559.8 

Sr(OH) 2 (c) 

—964.8 

93.7 

—876.1 

SrS0 4 (c) 

—1459.0 

121.8 

—1346.9 

Te (hexagonal) 

0 

49.5 

0 

H 2 Te (g) 

99.7 

228.8 

85.2 

Te0 2 (tetragonal) 

—322 

58.6 

—264.6 

H 6 Te0 6 (monoclinic) 

—1287 

— 

— 

V(c) 

0 

28.9 

0 

V 2 0 5 (c) 

—1552 

131 

—1421 

W (c) 

0 

32.7 I 

0 

W0 3 (c) 

—842.7 

75.9 

—763.9 


Note: The symbols g, I, c, and s-n stand (or gas, liquid, crystalline, and solution 
respectively. 







APPENDIX 2 

COURSE PROJECTS IN INORGANIC CHEMISTRY 


First-year students of a chemical faculty terminate their practical course 
with an experimental course project whose topic (the synthesis of an inorganic 
compound) is given to each student at the beginning of the second semester. 

While working on this project, a student should look through the reference 
books and journals (mainly referative ones) recommended by his instructor 
to acquaint himself with the most important physicochemical properties and 
ways of preparing the given compound. After compiling a review of the lite¬ 
rature, the student performs the relevant experiment in the laboratory for 
practical work or in the scientific laboratory of the department. 

After completing the experiment and handing in the synthesized substance 
to his instructor, the student should write a report on the project using the form 
adopted for a thesis. The project is defended during the last lesson of the class 
in the presence of the class instructors and members of the department’s metho¬ 
dological committee. Each student reports for five to seven minutes on the 
results of his work and answers the questions he is asked. 

When rating a student’s work, the instructors should take into considera¬ 
tion the results of the experiment, the record of the work, the student’s ability 
to discuss the purpose and the performing of the experiment, and the student’s 
attitude to carrying out the course work. The mark for the project is entered 
in the student’s record book. The best works are included in the competition 
of projects organized by the department of inorganic chemistry. 

This project in inorganic chemistry is of major significance because for 
many students it is the first work containing an element of research where the 
student can show his initiative. 

APPROXIMATE PROJECT TOPICS 

1. Preparation of titanium tetrabromide. 

2. Preparation of cerium molybdic acid and its salts. 

3. Preparation of potassium hexachlorotellurate. 

4. Preparation of cobalt complex compounds. 

5. Preparation of phosphonitrile chloride. 

6. Preparation of certain magnesium alcoholates. 

7. Preparation of potassium and sodium tetrathionates. 

8. Preparation of chromium(III) ammonia complexes. 

9. Preparation of manganese(II) and manganese(III) nitrilotriacetates. 

10. Preparation of nickel(III) ethylene diaminetetraacetates. 

11. Preparation of silico-10-tungstic acid. 

12. Preparation of telluric acid. 

13. Preparation of sodium tetrafluoborate. 

14. Preparation of rare-earth element complexes with ascorbic acid. 

15. Preparation of samarium tri- and dichloride. 

16. Preparation of sodium and potassium fluoberyllates. 

17. Preparation of lithium borhydride. 

18. Preparation of tantalum(V) chloride. 

19. Preparation of tellurium(IV) halides. 

One of the syntheses described in this book can also be the topic of a course 
project. 
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